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NEW BOOKS OF SCIENTIFIC INTEREST 


Alternating Current Circuits. M. P. WrINBACH. 


xvi+417 pp. $4.50. Macmillan. 


A volume dealing with the applications of the differ- 
ent phenomena of alternating current circuits in the 


field of modern electrical engineering. It has been 


written to serve as an advanced text in electrical en- 
gineering curricula, This volume is the twenty-first in 


the “Engineering Science Series.” 


Tours through the World of Science. W. T. 
SKILLING. xiv+758 pp. Illustrated. $1.70. Me- 
Graw-Hill. 

A general science text-book for high-school students 
The author 





covering the natural and exact sciences. 
attempts to stimulate the interest of the young student 
by injecting the idea of “travel” throughout the book, 
for he feels that for children a little fancy may be inter 


woven with fact. 


Biology of the Protozoa. 
pp. Illustrated. 


FaRY N. CALKINS. 2nd 
$7.50. Lea & 





edition. xi+ 607 


Febiger. 


A study in biology illustrated by the unicellular ani- 
mals in which the underlying biological principle is the 
irritability of protoplasm, combined with protoplasmic 
organization. The various types of visible organiza 
tions are described and keys introduced for the place- 
ment of common genera. 


— W, C. CuRTIS 
Tilustrated. 


Text-Book of General Zoology. 


and Mary J. GuTHRIE. xv +588 pp. 


$3.75. Wiley & Sons. 

A college text-book in which a limited number of 
animals are selected to illustrate certain biological prin- 
ciples and only incidentally as representatives of par- 
ticular phyla. Chapters on general zoological problems 
are included in addition to those devoted to the various 


phyla. 

Fishes: Their Journeys and Migrations. Louis 
Route. xii+270 pp. Illustrated. $3.75. W. W. 
Norton. 


The story of the journeys of fishes with the author’s 
conclusions as to the reasons which activate them, 
written in a popular style especially for the layman. 
Dr. Roule is professor of the National Museum of 


Natural History in Paris. 


Great Men of Science. Puitipp LENARD. xx + 389 
pp. Illustrated. $3.00. Macmillan. 

A history of scientific progress related by the biog- 
raphies of a selected list of fifty-four scientific men 
beginning with Pythagoras. The author, now seventy 
years old, long ago received the Nobel Prize in Physics 
for his discovery of cathode rays. 

The Herschel Chronicle. Edited by ConsTaNcEe 


A. Luspock. xii+388 pp. TIllustrated. $6.00. 
Cambridge University, Macmillan, 








The life story of William Herschel and his sister 


The Joy of Living. FRANKLIN H 


vols. $7.00. Doubleday, Doran & C 
An autobiography revealing the life st; 
country boy reared in a small Wisconsir 
spending his early years as farmer, brick 
teur carpenter and country school tea 

became a distinguished surgeon. 
The First Two Years. Vol. III 


Manifestations. Mary M. SHIRLey. 
$2.50. Illustrated. University of Min 





A discussion of the methods of observi: 
in babies and recording it quantitatively 
constancy in infant personality: and 
expressed in physical, intellectual, emotio: 
reactions, and as revealed in speech, are « 


I 


Science and Sanity. An Introduction 


Aristotelian Systems and General 
ALFRED Korzysskr. Ca. 800 pp. 
Science Press. 


The author formulates a system of phil 
he calls “non-Aristotelian” based upon th: 
“identity.” He discusses the methods 
suppositions of scientific method in gen 
applications, actual and possible, of scie1 
ual and social life. 


What Would be the Character of a N 


5 


2.50. Smith and Haas 


xii +420 pp. 
This book is the result of an inquiry 
the Inter-Parliamentary Union of Geneva 
authors of the United States, Japan, and 
tries of Europe project the technical ar 


results of a possible future war. 


The Universe and Life. H. 8S. JEnNIN 
$1.50. Yale University. 
The purpose of the author is to show 


outlook on life and the world given by an un 
of the biological sciences ; and how this diff 


outlook based on physics, or from that p 


some of the religions of the world. 


Yuman Tribes of the Gila River. Li 
xviii+433 pp. $4.00. 


An account of tribal distribution, 


social and religious conditions of the Yumar 
tribes of southern Arizona under aboriginal « 
Apart from social structure, the longest se 
book is devoted to the dream basis of their r 





Gardens and Gardening. The Studio G 


Annual, 1933. Edited by F. A. Merce 


Illustrated. $3.50 cloth; $2.50 paper. St 


lications, Ine. 


S 


University of Cl 


econ 


R 


War? 


The second issue of this Gardening Annual o 
a selection of illustrated descriptions of gard 
the different countries of the world. Attentior 
to landscaping, rock gardens, a “carpet gar 
flowering shrubs, as well as to some lesser-know 


Caroline, told for the most part by extracts from his 
autobiographical notes and Caroline’s Journals. Her- 
schel’s astronomical discoveries and theories are pre- 
sented in his own words, quoted from papers and letters. 
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and literature are replete 
stanees of the interest that wild 
S alWays had for man, and many 
xamples of the insp ration that 
ms species have given him for 
effort in art and science and in 


and social betterment. by havoe 
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nature and relationships, the multiply and waste 
} 


rame species so essential to the injurious species have 


s for elothing and food have that render them 1 


part of our economie and social all our native 
» 


and as a natural consequence the for conservation in su 


and recreational importance modifieations | 
life has led to research in this” observation 
as a function of government "acts 

United States so many ramifica Recognizing 


f the subject transcend state  quiry, scientists h: 
aries and so many have direct facts regarding 
nships to human happiness and varieties fron 
vy that the problem has become has been called 
federal concern. Fortunately for History lear 

r wild-life resources, it has been appre in danger of ext 

ated that without scientific approach many that are inte 
s problem a wastefulness and an _ food or fur or 

orant persecution of some forms as led within the 

ests would result in the extermination cooperative effo 

many more species than have already Most of the socie 
lost to the world during recent study and protection of 

first local in scope, but many 


; 


ORTANCE OF WILD-LIFE RESEARCH rere — ee one 
tional organizi 
interrelationships of the various founded in 
es of wild animals to their natural Ornithologists’ 
environment and to man can be properly forms of researc 
evaluated only through the application detailed studies 
f scientific principles developed by ments and food habits o 


9xg 
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DR. CLINTON HART MERRIAM 


CHIEF, 1885-1910, 


ean birds. Interest and recognition of and through their organizat 
the compelling necessity for continuing many familiar with the direct 
the work were not wanting, but funds _ bearing of the work have cooper: 


were inadequate for conducting the in- tinuously to advance the Bure 


vestigations on a sufficiently broad scale. gram of research. 


As a consequence, in 1885, Congress The directing personne! of 1 
appropriated funds for the establish- zation was influenced for more 
ment of a new research unit for this years by the interesting circun 
purpose in the Federal Department of attending the selection of the first 
Agriculture. This governmental wild- Norman J. Colman, the Commiss 
life service is now the Bureau of Biologi Agriculture, had invited the At 
cal Survey Not only ornithologists and Ornithologists’ Union to make 
mammalogists, but biologists in general, mendation for the office. At a s 
nature lovers, sportsmen, individually meeting of the council of the wm 





BIOLOGICAL SURVEY 





Professor ‘e 
of the Smithsonian 
Dr. C. Hart Merriam was non 


st by Henry 


position of assistant Henshaw 
rected the work until 1916, when, 
shing to retire, he recommended as his 

ssor Dr. Edward W. Nelson, who 
as thus advanced by secretary David 
Houston and served until the Bureau 
dl passed Its forty second milestone, in 


27, when he also retired, t 


led by the present chiet 
The Department of Agriculture, said 
Secretary Henry A. Wallace, in a recent 
uldress to the nation by radio, ‘‘ was 
‘ated primarily for scientific research, 


ts main Job always has been a researc] 


b, and I hope research will always 


emain a principal duty.’’ Throughout 
48 vears’ work of the Biological Sur 
strong emphasis has always been 
laced on the importance of scientific 


esearch by trained biologists. So long 


as we have any remnants of wild life 





thin our boundaries, efficient manage —_ 





ent will be called for, as in the case DR. EDWARD W 


any other valuable natural resource ( 
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Some of these lines of research hav 


been continued from 


the Survey, and others have been added 
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time to meet 
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from time to changing eon 


f control 


ditions N Wclles in methods Ol 


have 


example 
the 


investigations hav ing to do with 


Is Species, ror 


ling Injurio 


been instituted within past three 


decades ; 


fur farming and game propagation, wit! 


disease recognition and, where possible, 
remedial measures, have been ex 


with 


tended also has re 


the 


insectivorous and other migratory birds 


and intensified: as 


search in the protection of game, 


that not only are valuable economically 


but serve to delight lovers and 


hature 
smen to their haunts in 


All 


have 


attract) sport 


these recent 


had 


researe| 


season more 
the 


earlier 


proper 


lines ot study benefit of 


fundamental under- 


taken 


BEGINNINGS AND History ot! 
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Branch of Economie Ornithology in the 


THE SURVEY 


Established on 1885, as a 


Division of Entomology, the organiza- 
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MR. WALTER CLEAVELAND 
ASSISTANT CHIEI 

ASSOCIA 

tion a vear later was made an 

dent 

and Mammalogy ; in 


Division of Economie On 

1896, the na 
changed to Division of 

vey, In recognition of a form of s 
research essential to its other act 
making surveys of the major b 
regions of the continent: and 1 


later, in 1905, it was given its 


designation of a bureau, under 
ministration of Secretary James W 
During its early history, and unt 
the the 
Survey was of a research nature 
This 


succession of field surveys that riy 


turn of century, work 


period Wit 


exclusively. ness 
interest the work of the early eX] 
tions of our own West or the cong 
of the wilds of other continents 
eonduected by 


expeditions were 


naturalists whose names are 


throughout 
energy and resourcefulness enabled 


the scientific world. 


to overcome difficulties that in no 
suffer in comparison with exploits 
in other settings have formed the 
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i¢ tales of al 
deserts whose ver 
t of desolation and « 


thful tropical 


‘xplorat ons, supptleme 


I 
to prepare a 
natural lif 


ind T¢ 


facts on 
stribution of the 
m their various commu 
ns and interre ations! ips 
Is early pre riod Saw also 
of voluminous data 
wild birds 
birds were 
tions, supplemented by gross and 
‘roscopic eXamination of stomae con 


ts and identification « 


«1 items by comparison with extensive 


ference collectio S Oo 1 
i 


1 , 
SCeCCLS, TNSeCCTS and 


er objects assembled by the Bureau passed 
l classified for the purpose. Many of devote mor 
results of these investigations have — relationships 


en made available to the public in — life, ma 
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WL MSATEE FRANK 

Budget. accounts, property investigations of  wild-life Econormc vestigations 0 Expertments 

mails, files. personnel, trave distribution, relationships wid fe, based on and rabbit raising 
quarters, and other bus classification, and natura habits, studies food and fur. studies 
ness operations of the history, and of waterfowl resources of breeding and prime - fur 
Bureau big game, forest fauna attrachon of useful birds. periods. cooperation 
and Alaskan remdeer and propagation of game birds fur-farmung and fur-trade 


muskoxen and ornamental species associations 



































WILD LIFE DISEASE PREDATORY ANIMAL AND LAND 
INVESTIGATIONS RODENT CONTROL ACQUISITION 
TE SMLLINGER | STANLEY P YOUNG | RUDOLPH _DIEFFENBACH 

investigations for disease Research in methods of Appraisal, negotiation Administration of Migratory 

control on fur and game contro of imjurious ease, and purchase of Bird Treaty Act. Lacey Act 
farms and for reducing animals, leadership lands for mugratory-bird Alaska Game Law (throug 
waste of wild life through control work on public and other wild fe Alaska Game Commission 
disease in natural habitat, lands and cooperatively refuges and preserves and laws for the admin 
nvolving cycle disappear elsewhere. suppression of cadastral. topographic, and stration of bird refuges 
ances of species and other wild-anumal disease car engineering surveys and game preserves and 
widespread losses ners protecting wild life thereor 





























HART OF ORGANIZATION OF THE BUREAU OF BIOLOGICAL 8 


have a beneficial influence on the forest, the research begun with the 
some to be important products of for- the Bureau has been continued 
ested areas, and others To require some same lines, improved by ay 
measure of local control. modern methods of approac! 

In the nearly half century of the Sur- more, scientifie study has been 
vey’s life, research has not been relin- along new lines and has gone 
quished as the new service and regula- hand with the assumption of new 


+) 


tory duties have been added. Instead, tions and duties, such as protec 





birds, 
eontrol 
anagement 


of areas 
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lal laboratory, 
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pest-control 
investigations involve 
t of useful and control 


‘cles, the investigation 
T migrat 


ropagation © 


vith ‘ 2 
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ent of upland game 


ul and other spec reserves 


The Division « 


Resources 





THE SCIENTIFIC MONTHLY 








ELK FEEDING AT WINTER REFUGE OF THE SURVEY IN JA¢ 
HOLE, WYOMING 


sitions recommended by the Bureau. eign wild species; 
Other work involves compilation of land Treaty Act, through a force 
records and cooperation in expediting game protectors; laws prote 
payment for lands when title is obtained, refuges and wild life an 
and surveying areas acquired and estab- thereon; and, through represent 
lishing and marking their boundaries to and cooperation with the Alas 
prevent unauthorized use and trespass, Commission, the Alaska G 
with a view to adequate protection of the This division also administe! 
wild life. proximately 100 wild-life re! 
7) The Division of Game and Bird under jurisdiction of the Bu 
Conservation administers the Lacey Act, which are potential natura 
regulating interstate commerce in birds for wild-life research. 
and mammals and importations of for- The work of the Biolog 
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PART OF THE SURVEY’S BUFFALO HERD AT WIND CAVE GAME PRESER\ 
SOUTH DAKOTA 








BUREAU OF BIOLOGICAL SUR 


its numerous publications 


} as been 


with 
early half a century, 
factor in increasing the numbers 
lents of wild life. The Survey has 
nstrumental also in bring 


} Tie wea 


nservationists and 
re and more each year 


hat protection of 
vorous and other spr 
i¢ and recreational 

ivolves enactment and e1 


iws that have their 
tifie fact. 
tension of the protect 

fur-bearers, sone 
species and othel det 
including also the gam 
port, is | 


ns other than >} 


more demanded as our peop! 


better informed regarding the 
os " 
and social values of wild 


| . , 


vement and the need preserving 
is of natural hal Better now 
ever before the public understands 
necessity of perpetuati the benefits 
accrue to man through preserving 
t him in suitable wilderness areas 
yresentatives of the 


remamming 


Numerous cal selentifie investiga e 

ns by the Biological Survey and spe Ban (WWW 

‘ portions of its larger undertakings 

ive been completed at various periods 
the past half cent 

whole is a continuing 

tT) 


Dealing as it Goes WILE 


project. 
¢ organisms, some of them highly 
migratory, and these and others in con 
stantly changing environment, this work 
s ever confronted with new problems 


nd with old problems 
ved but arising in new cuise 
can not be said that any phase of 


d-life research has been fully broug! 


apparent) 
Thus, 


‘ompletion, but at the same time dis 


t progress and eratifving accom 





JOS 


and loeal bird-protective legislation and 
for bird 
Several 
ol 
and 


conserva 


ol 


regulation and also 


tion internationally the re 


ports involved tie relation birds 1 


various insect outbreaks, in addi 


tion to official and cooperative formal 


great volume of informa 
ol 
long been disseminated through period 


Cais, 


has 


publications, a 
7 


ion On the status wild species 


by radio, in manifolded 


] 


the 


the press, 
leaflets and 


correspondence 


} 


in Bureau’s day-by-day 


the food 
habits of birds have had wide applica- 


Other results of research on 


tion in solving problems in the introduce 
tion and protection of game, insectivor 


and other useful birds and in the 


OUS 


propagation of upland and aquatic game 


birds as well 


as in improving the 
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rOW ER, \W 


ASHINGTON. 


food ot birds These 
studies have thus made possible a eon 
the them 


their services and 


resources 


ural 
utilization of birds 
ol 
enjoyment ol 


tinuine 
an e@n- 
of 
addition, 


selves and 
their beauty 
In 
these studies have enabled the Survey to 
] 
I 


during 


motion, sone and color 
recommend measures ranging from loca 
of 


ip 


control of injurious birds to the eare 


aviary and ornamental in ¢ 


spect S 
tivity. 
of birds 


that have been demonstrated to be bene- 


Maintenance and inerease 


ficial means increased destruction of in 


l 


sect pests and THUS reduced crop losses 


Loeal control of injurious birds has the 
benefit 


that 


agents 
of En- 


methods 


same ultimate County 
destruction 
lish Utah 


recommended by the Survey resulted in 


have estimated 


sparrows in by 
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tion of ready-prepared and canned baits 
of varied composition, with red-squill 
powder as the effective agent. Other 
improvements that owe their origin to 
this part of the Survey’s control-methods 
research include mechanical processing 
ot strychnine baits to conceal the bitter 
taste and thus render them more accept 
able, and development and application 
of catnip-oil and other scents as lures to 
traps placed for mountain lions, bobcats 
and other predators. Other accomplish- 
ments in control-methods research have 
ranged from improvements in methods 
of trapping wolves in the United States 
and Alaska to the devising of means for 
repelling bats from obnoxious roosts es- 
tablished in human dwellings. 

The importance of research in _ pest 
control is appreciated from the benefits 
accruing to farmers and stock growers, 
foresters and game protectors, ware- 
housemen and the individual house- 
holder. Rodent pests each year cause 


enormous losses in farm crops, forest and 














FOX PENS 
AT THE SurVEY’s Fur ANIMAL EXPERIMENT 


STATION, SARATOGA SPRINGS, NEW YORK. 





fruit trees and in rane 
stored products; and pred 
serious depredations 01 
pigs, goats, poultry and 
mals and birds Compart 


losses, the cost of the ress 


niheant, 


while of ial interest 
farmers, legislative comn 
life conservationists, is 
the fur trade and to 
fur. Many of the prot 
these various groups ha‘ 
partial solution in the 
mation coming Tron 
search. About SO foreig? 
tribute to the fur annua 
this country, | 
that of any other 
With our consumption gr 
production, and with the 
constantly decreasing heft 
cupation of their haunts, 
essary for scientific reseat 
the gap between domestic s 
demand. Accordingly, expe! 
fur farming were underta 
Survey. 

At the two fur-animal expe! 


> 


tions maintained by the Bio 


vey, one in New York. esta 
1916, the other in Califom 


many species are studied 


tens, minks, badgers and 
fur-bearers and fur rabbits 

are made available by bulletins 
means of public information, 
the benefit of fur farmers an 
sons who contemplate engaging 
dustry. Throughout, the Surve; 
in fur production has had t 
operation of edueational inst 
state conservation departments 
organizations and associations 
trade. In 1930 the Bureau p 


exhibit, supplemented by a spec 


\L SURVEYS 


AA 


quality, a genetic basis 
2 


DiIS! ed 


_ ; * 


xes along Mendelian line COLOR P 


arious breeds 


ssbreeding on 
1 larmer and 
ng rabbits, and arme| 
4 1 ‘onserval | 
tO marke age D\ 
tions, including hays, grains 
and cod-liver oi! and other sup 
feeds. The importance 


estigations 1s evident from the 


wi 
nvestments in the business, par 


AS a 


parasitic 


| 
the Surve 


; + ; 


in the Pacific Coast states 
meat has become a staple in many 
‘ts, and rabbit pelts are being used 
, : “3 University 
fur trade in greater quantity than 
a number 
any other fur animal pony 
Stamped out 
Wintp-Lire DISEASE INVESTIGATIONS Such eliminat 


tical studies of wild species propa- gation projects 

| under controlled conditions and When abnormal 

vations of wild-caught individuals animals or birds 

served to emphasize that both are such severity as 
to a wide variety of diseases. 

arch to provide a basis for control- 


r preventing outbreaks is impor- 
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termed 


known 





— _ among the 
RESTRAINING FOX FOR DISEASI tious fox encephalit 
rREATMENT phoid. It is not 


] } 
lent these diseases are 


Administrators of wild life on private under controlled conditions 
estates and preserves and on extensiv dence appears to correspon 


areas in the wild are more and more  Jensity of the fox p pulat 
: OL tile Lo) po tllé >] 


eing acquainted with the seriousness « hensive studies aleo have he 


aisease oO breal the oc ‘or 1c] } 1 
lise utbreaks in the stock for whiel bob-white quail, their diseas 


they are responsible Information as ods of control 


developed by the Survey is made avail 





; 


able for their use to aid in eliminating 
as many of the hazards as-possible. It 
Is necessary, however, that such research 
proceed and that investigations be made 
sufficiently extensive for satisfactory 
control under all circumstances 

Facts already developed show that 
there are cycles both of abundance and 
of scarcity in many species in the wild 
rabbits, for example—and that local de 
pletions frequently result from disease, 
the spread of which is facilitated where 
the victims are densely crowded. Some 


of these wild-life diseases are communi 





cable to man, including tularemia, rabies, 
bubonic plague and spotted fever. <A 
thorough knowledge of these diseases of 
wild lite facilitates the application of 


protective and remedial measures 





One of the most important results of PINTAIL CURED OF BOTULI 
the Bureau’s research in wild-life dis RELEASED A FIt ’ ABORATO ; 


eases was the discovery of the cause of KALMBA( 





s and 


so Than! 


ur and 


fundamental 
sanitation and of causat 


will come a more acequa 


sease prevention and treatm 


kAUNAL DISTRIBI 
RELATIONSHIPS 
entific Investigations of wi 
continued by the Survey 
f a century, have resulted 
mulation of extensive and systemat 
es and in the publication of more than 
S00 formal reports, official, and in selen 
tific periodicals, including many mono 
graphs on the North American fauna 
and faunal studies of states and other 
arge areas. Such basic information on 


the classification, distribution and habits 


of species enables the survey to plan 


effectively its other work in wild-life 
conservation and control and to co pel 
ate with game-conservation boards, agr 
‘ultural and live-stock associations, edu 
cational institutions, experiment stations 
and other organizations. In addition to 
ts provisional life-zone map of Nort] 
America, the Survey has published de 

ed maps ot the life zones of many 

the states, thus bringine to higher 


erfection the map of the continent as 
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Early in the history of the Biological 
Dr. C. Hart Merriam, the chief, 


anc applied the 


Survey, 


} 


developed 


laws ot reo 


yraphic distribution, based on tempera 


ure, altitude and slope exposure, a re- 


sult ol wl cl nas been the survey ’s 


napping of the natural life zones of the 
which are still 
Devel- 


research have 


tails of 


‘rontinent, the ad 


from time to time 


being filled in 
opments of tl lite-zone 


been evidenced in studies of animal and 


ecology, and in 


connection with the 


limiting the range 


lactors 
the areas suitable for fur 
farming. Research in geographie distri 


’ | } 


bution has also resulted in the announe: 


the speed of bird migra 
in spring, as correlated 
Studies of 


SUCCeSSLVe isotherms 


ts and other phases of their 


bird movemet 


life histories are being supplemented 
the 
which, and the diree 


North 


in offices of the Biologieal Survey. 


through use of data on bird banding, 


records ot 


central 


tion of activities in America are 


rom the Survey’s mammal research 


have been evolved new methods of field 


collecting, museum labeling, arrange 


ment and eare of specimens, training 


field 
deseript LOTLS 


assistants and 


publishing specific 


and generic monographs. 
Prior to the entry of the Biological Sur- 
vey into the field only the most obvious 


tvpes had been described, and hundreds 
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226 PINTAIL, REDHEAD AND MALLARD DUCKS 
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IN THE 
MAMMAL 


BIOLOG 


COLLE¢ 


LASSIE 


or specimens Tormes 


named and recorded, 


in st 


mens available 


been The 


has 


study and so numerous 


additions to the recoenized var 


more 


venera 


mammals, due to 
distinguis| 


tion of the value of 


acters, based on color and pec 
of skull and teeth, that the 


how 


mam! 


almost as well known as ft 


In faet, a confrere once remark: 
Merriam had named more anima 
did Adam! 

The standards set by the ea 
of the Survey have resulted in 
cumulation of a wealth of mat 
the 
better quality than had ever befor 


museums of the country, 


available. The importance of ma 

ing and building up the Survey's 

tion of scientific specimens is evid 
by the fact that these enable the B 
to identify specimens and even 
ments that are of economic import 
including determination of ident 

species that carry disease, destroy or 
tect crops, or are otherwise detrin 
or useful to man, sometimes for id 
cation to prevent fraud in bounty 
The 


scientific investigations by the Bur 


ments. collection is also use 


staff and by cooperating institutions 





BUREAU OF BIOLOGICAL SURVEY 


» 


Basis FoR Birp PROTECTION 
field of investigations of migra 


s. the work of the Survey pro 


ational basis for conserving a 


esource that has important 


agriculture and forestry 


supports large investments 


nal facilities, ineluding | 


iw, transportation and e 
mn of outing equipment, and pro Estab 
ve financial returns to land and = on a resei 
vners, guides and others render apprecia 
‘eS ortsmen 

er outdoors men paired of 
Ing accomp 


iwh extended surveys of migra 


ds in the United States and protect 
‘ountries, the Bureau has assem 


vast amount of information 


reports 


"4 


has based 
use in dra 
Migratory Bird 
“lucational work. Bu 
to make available 
momic¢ Vaiue 
ince of waterfowl, condi 
breeding and 
vration route 


iture of drainage, 
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HERD OF ALASKAN REINDEER 


BY & CIALISTS OF THE BIOLO 


wild life inelude the planting of colonies more than 40 years ago, 
of beavers to demonstrate methods of increased and now present 
improving water storage, increasing fish pressing problems that affect 


raZing res 


and fur production and checking run-off themselves, the 


and erosion. the economic and social w 


native and white populatio 
INVESTIGATIONS IN REINDEER AND Survey investigations in coast 
Musk-0x PRODUCTION and interior Alaska are aiding 
Among research accomplishments by cope with the parasitic and 
the Survey in Alaska have been the sue eases of reindeer, to adopt 
cessful reintroduction of musk-oxen in methods of herding and range 
the territory by transportation from ment, and through proper care 


Greenland and improvement of condi tive breeding, to improve 
tions affecting the reindeer herds. Musk the animals for meat prod ict 
oxen, once important in the Alaskan periments in crossbreeding \v 
fauna, were exterminated in the terri caribou have been conducted s 
tory shortly before European oceupa- with a herd maintained o1 
tion. The present effort is to rear the Island, the crossbred animals 
introduced young animals at an experi materially heavier and hav 
ment station until they reach breeding ¢onformation for meat than eit 
age, so that they may reestablish the parent forms. In the reindee1 
species in the northern parts of Alaska. native and white population ha 
Under practical management on the ex- portant industry that means n 
tensive grazing areas of the region they industrially and _ socially ly 
may become an important game or proved practises developed an 
domestic resource mended by the Biological Surv 
Alaskan reindeer, introduced from have a basis for an enduring 


Siberia by the Bureau of Education civilization. 





WEST INDIAN HURRICANES 


By Dr. MELVILLE T. COOK 


~ AR EXI 


ICANES in the West Indies have 
cnown since the coming 
man In fact, tf] 
is derived from 
the Spaniards 


taken 


‘olumbus 


yvage, while at ancl 
Cruz (July 16, 1494 


irricane occa 
are Tha Nl 

God and the extension 
should induce him 

such dangers.’’ July Ist, 15 

S ispected the approach of a In 
and asked permission to enter a 

> . . was 

r of Santo Domingo, which was , 

He tl | with 3,000 peo} 
>» the jut to sea al Within een , 
otter festa The Unit 

twenty-four hours, twenty ships 
all on board were lost. Columbus 

scribes this storm as follows **The : 

: : municatlo 
was terrible, and in that night my 

, were very 

essels parted company, every one ex 

’ . The uUnNSUSD 


ing death, and each considering it 
‘tain that the others were lost. With 
exception of Job there never Was a 


and Was acco 
pour ol 
and many 
who would not have died in de iP 
7 : Seu a) 
When to save my life and that é 
= rew 


my son, brother, and friends, I was Pert 
; ; . uerto 
such a time forbidden the harbors, : 
; , . when we 
by God’s permission, I had , 
. , . pret which ¢ 
ned for Spain, sweating blood rhe 
cs across 


ssel in which I was, weathered the 
marvelously ; If pleased God that 
received no damage whatever. My 


ther was in the unsafe vessel. and. 
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The path of this storm was 150 or 200 These storms originate in 
miles wide and the danger zone 50 or Ocean usually during the 
75 miles wide. The maximum velocity August and September, althoug 
at San Juan was between 9 A. M. and are many records for July and | 
3 P.M. and some few for other mont] 
The next hurricane was the San_ usually sweep across the Caribl 
Nicolas, which struck the island between or turn northward and come to 
9 Pp. M. and midnight, September 10, on the continent or 
1931. This was of very small diameter lantie Ocean. If they strike 
and very mild, as compared with the hear about them, but if the 
other two. It followed the full length selves out at sea without 
of the island, the vortex being a little shipping they become rec 
north of the north coast and the velocity Weather Bureau only. 
about 90 miles per hour. have two movements, 
The third was the San Ciprian, which ment (counter clockwise 
swept the north part of the island be- velocity may be as 
tween 8 p. M., September 26, and 6 a. M., miles or more per hour, 


September 27. 19382. The path of this movement. which may 


storm was about 50 miles wide and the’ eight miles per hour 
| 


velocity about 120 miles per hour. The certain conditions 
destruction was very great, but was less small calm area 
than the San Felipe, because the path 


Was 














BUILDINGS AT THE FORESTRY STATION AFTER THE SAN CIPRIAN 


NOTE THEI TEEL FLAG POLE IN THE FOREGR VD 
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iim are 

towards the 
in the patl 
by the outer 


pecomes more severe 


wave 


calm area arrives Wil 


en there 2,500 
1dden cessation for a tew minutes Florid: 
depending on Havana 
of the storm. With the passing 


caim area the 


fu 


nour or more 


region is struck by 
second half of the 


1 
oO 


ng in the opposite direction. The 


ts affected bv the storm not er ssed 


storm which is 


vortex experience a gradual ris 


th 
Ul 


I ie wind 


fall in the velocity « 
iv other hurricanes of recent vez 
should be mentioned are the 
struck Havana October 20, 1926: 


ne that 


at struck Santo Domingo Sep- 
er 3, 1930: and the one which struck 


August 15, 1931. <All thes: 


nur- 











NOTE THE FOLIAGI PA 





SCIENTIFIC MONTHLY 














COCONUT PALMS AFTER THE SAN CIPRIAN 


IN MANY PLACES THE PALMS WERE SNAPPED OFF CLOSE TO THE GROUND 


eral direction as the first and second importance. The third was 
but between them the greater part of Ciprian, which struck Puerto R 
the time. was very destructive. The fourth s 

There were three hurricanes in 1930 (Cuba, killed about 2,500 peop 
Map 3). Two were of little impor- caused heavy loss of property 
tance, but one struck Santo Domingo hurricane came very late in 
and caused great losses of both lives and its forward movement 
and property. slow. but it inereased in fore 

There were five hurricanes in 1931 turning north. 

Map 4). The first traveled almost due The approach of a hurricane 
west and struck Belize with great loss ceded by short periods of win 
of life and property. It was the most rain, which become longer, strong 
destructive of any during that year. more frequent until they merg 
The second swept to the north, a little continuous storm. The storn 
west, over Puerto Rico, and was of little howls and shrieks, but the most 
importance. The third originated well acteristic sound is a very shrill 
to the north, traveled almost due west, tling. The intensity of the storn 
across Santo Domingo and the Isle of after it reaches its maximum vi 
Pines, turned northeast, crossed Florida The noise due to falling buildings 
and died in the Atlantic Ocean. The rooting of trees and other destr 


fourth followed the course of the first depends largely on the location, b 


very closely and did very little damage. noise made by the storm is us 
The fifth was the San Nicolas, which greater than that due to the destr 
also traveled almost due west, brushed The writer was located about 20 
the north coast of Puerto Rico and northeast of the vortex of the San F 
Santo Domingo. hurricane, about 6 or 8 miles sout 
There were four hurricanes in 1932 the vortex of the San Nicolas and : 
Maps 5 and 6). Two were of little one half mile or less north of the \ 
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san Ciprian Squall 
ceded the San “elipe 
uM. the day Wednesday 
increased in intensity unt 
following day Krom that 
ut 3 Pp. M. the velocity was } 
im of about 150 miles per hour of about 90 
pieces of zine roofing were ripped ?- M. and 
houses and carried into the air any objects 
ts of paper This was followed ouse, but we 
woodwork. These and man > were I ssU 
irticles flying through the vorres 6: 
source of great danger to per Phis 
d live-stock without shelter. The 
ts and roadways very soon became 
of broken trees, poles and wires subside 
vriter lost a part of his roof a little "®@) object 
M. The storm subsided rap- "OUS®, and 
Pp. M. and many people were had blown 


4 and we wert 


streets by 5 P M.. but squalls 
er continued until 6 A. mM. the next and coverin 
The contents of nearly all houses SOP! began 


+ 


damaged and in some cases entirely *" flashes 


} 


. . 1 ee lov l 
ed every possible kind of shelter een blown 


royed. The more unfortunate people ‘many 0 


flying objects; under beds, tables, 
en sinks, and occasionally under the 
of the houses. Sometimes very 


t | 


intial 


buildings would be severely 





\ SMALL SUGAR CENTRAL THAT WAS DESTROYED B} 














12 THE 


of daylight we found that we had lost a 
small part of our roof. However, both 
roof and ceiling were raised an inch in 
of the 


neighbors who had a lantern ealled and 


the front part of the house. One 


we visited a few of the neighbors and re- 
fatal- 
our neighbors 


joiced to find that there were no 
ties amone them One of 
who lost his roof was compelled to shel- 
ter his family with a bed mattress for 
a time and then sought refuge in the 
servants’ quarters, which were not dam- 
aged. I found him and his wife and five 
little children (two with measles), there 
later in the morning. With the coming 
found that most of the 


houses in the neighborhood were almost 


of daylight we 


or completely unroofed. Roofing nails 
which were earried for 100 yards were 
windows like bullets. 
daylight the 


made a short tour of investiga- 


shot through my 
With the 
writer 


coming of 


tion into a section oceupied by the very 
poor peons. Nearly every house was in 


ruins and the poor people were trying 


to salvage a few of their meager posses- 
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sions. The philosop 
is surprising to any on 
know them. Thev have 
this world’s 
long as they do not suffer 
juries they do not worry 
hear them hammering as s 
light enough to see, and 
hours practically all thes 
temporary shelters whic 
structed from the ruins 

In this connection it may 
say that statements co! 
losses of property are lik 
understood by the people 
unless they are familiar wit 
acter of our residences M 
old Spanish buildings are st 
They have very thick walls 
and flat tile 
They were not dam 


roots without 
eaves. 
great extent. The Americ 
type of house, with steel reir 
and corrugated galvanized 
become very popular In re 
The walls of these residence 
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AFTER THE SAN CIPRIAN., 


NOTE THAT THE FOLIAGE IS 


STRIPPED FROM THE TREES. 
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NOTE THE SMALL SHELTER CONSTRUCT 


most of the roofs were blown partly or 


pletely away. This was partly due er 


rly and partly to the fact that the pro- 
ting eaves vere exceptionally favorable 
r hurricane damage. Most of the it. 
frame houses were damaged, some of pk 
em beyond repair. The great major- 
ity of the people are very poor (as is the 
‘ase in all tropical countries) and live 
in frail little houses constructed of frag- an 
ments of lumber, old roofing, old boxes, 
paim leaves, ete. These houses are de- 


stroyed in great numbers. The money 


value is very small, but they are of such bee 


simple construction that most of them Mi: 

ean be rebuilt within a few days. 
Thousands of trees were broken or up- we 

rooted. The leaves were stripped from 


many species of trees and shrubs and the for @ 


country resembled a northern landscape by 
in midwinter. Thousands of coconut Sa 
palms were uprooted or snapped off near 
the level of the ground. The tops of an 


se that remained standing were so storm or 
the 


rn and mangled that they presented a_ fr 
sorry sight. The luxuriant growths of 


tropical forests were torn and tangled the 
a frightful manner. 


he failure to anchor the roots prop- bre 


Sue 


Dp 
t 


} 
I 


I 


Ww 


n 


in\ 


re 


nC 


d 


mn 


Ae 


aged by 


e.) = 
POMAR 


n 


sprout 


Sugar Col 


was cover 


a 


broken 


the 


no 


ED 


down and t: 


Banana | 


dest roy ed 


FROM 


surface of 


1] 





THE SCIENTIFIC MONTHLY 











1931 





~deg Cibrian 


1932 


€ 


~- 





tw eid © 


WEST INDIAN HURRICANES IN RECENT YEARS 





MAPS SHOWING 
THEM WERE VERY SEVERE AND TH 


Map No. 1 1926) SHOWS TEN STORMS; FIV! : 
AueusT 1 AD No. VIII (Sep 


SrorMs No. Il (.Juty 24 
No. X (OcTOBER 19 TO 22) CAUSED HI 

OF FLORIDA Map No. 2 (1928) su 

WAS THE SAN FELIPE, WHICH WAS VERY 

Map No. 

rIVE IN SANTO DOMINGO. MAP No. 4 (1931) SHOWS F 


USED HEAVY LOSSES OF LIFE AND PROPERTY IN BI 


1930) SHOWS THREE STORMS. No. II 


NICOLAS, WHICH WAS QUITE SEVERE IN Pt 
rHREE STORMS. No. Lil (Sept 
CTIVE IN PvueERTO Rico. No. 
BA Map No. 6 SHOWS TH 
No. I Is THE SAN FELIP! 
0, 1931. No. III is THE San 


VYHICH IS JUST NORTH OF THI 


1932) sHOWS 


WAS VERY 


DESTRU¢ 


SAN NICOLAS, SEP 
R WAS LOCA N oF Rio P 





WEST INDIAN HURRICANES 


ra plant to produce fruit, this 
food was greatly reduced. pass throu; 


i 


} 


lowing figures taken from the’ direction ot 
States Weather Bureau Reports 
f interest to the reader 


rainfall 
rning 


nd ( rop ] SS8e8 
untas records. tM 


great tragedy usually has its comic window or door 
tures, and this has been true of the well started, we 
‘anes that we have experienced. and were kept bus) 
them may be of interest to the ticles so as 
er. Some people took refuge in that came 


s which they considered stronger As soon as 


their own, The storm destroved electric power 


ouses of refuge and their own San Cipriadn we 
es stood. A family took refuge in except for candl 
set. When the storm subsided they came through in 
ked up and discovered that the second was impossible to 
ry was gone. A house was destroyed ing. By that 
nd the family took refuge in the chil- thing in the | 
dren's play house, which was uninjured. the dining 
mily went into the bath room; when waited for the 
storm subsided they opened the door The illustrat 
found that all the house except the treme damages r 
room had blown away. cane. The 
is impossible to understand the storms are 
of these wind storms without hav- the main ro. 
passed through at least one of them he side roads ai 
fore, we did not take the approach for several day 
‘first one very seriously; but when house must 
eard of the approach of the second, and this 
was a feeling of dread rather than showers 
Every one who has ever experi- with little 
d one of these storms begins nailing a mont! 
rds over the windows and doors. If telephone lines 


ndow or door caves In, the wind is ually conditions 
st certain to lift the roof unless a_ love for the tr 





WAVE TRANSMISSION AS THE BASIS OF 
NERVE ACTIVITY 


By Dr. A. V. HILL, F.R.S. 


TON PROFESSOR 


look in the world of 


WHEREVER 


and events outside ourselves Wwe 


we 
matter 
find that 
have 


oscillations and wave motion 


a significant, often a dominant, 
if 
find that waves play an important part 
Let the 
nature of these waves. 

Most of the 
with which physies is concerned are a 
of the with 
properties analogous to in 


A or 


changing system tends, on the one hand, 


role is not, therefore, astonishing to 


in ourselves also. us discuss 


well-known oscillations 


consequence reaction one 


another of 


ertia and elasticity. moving a 


to continue in its state of motion because 


it for example, mass or in- 
ductanee: 
tellectual 


Possesses, 
even social, economic and in 


changes are endowed with 
such of 
them going when they have passed a 


On the 


characters inertia, which keep 


true position of equilibrium. 
other hand, 
continue to exist, if they are not merely 


such systems, if they are to 


to be dissipated, must possess converse 
which tend to them 
they have overshot their 
such properties in physics 


properties bring 


back once 
equilibrium : 
are elasticity and electrical capacity, in 
finance and politics are fear and conser- 
vatism. These exercise a constraining 
force increasing with the displacement 
from equilibrium, and ultimately reverse 
the motion or change, and the same osceil- 
lation is repeated in the opposite diree- 
tion. 

There of 


oscillation, less commonly discussed in 


is, however, another type 
physics or mechanics but none the less 
that 
which depends upon a discharge taking 


place when some limiting potential or 


well known in every-day affairs: 


of 
Association 


Progress 


the 


1 Address before the Century 
Meeting of the American 


Advancement of Science, June, 1933. 


for 


OF 
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ROYA 30 


intensitv 1s reached 


Into a Tal 


water falling 


; 


a siphon will come ou 
ever it rises toa certain 


1 Whic 


a population i 


r ‘ ‘ . } 
Ol measles Can not Start be 


number of people in it who a 
had ¢ 


eradually 


having he disease a 


become less Imm 


foes on, and finally an epide 


of measles will sweep throug! 


neon lamp with a parallel con 


alt 


resistance 


series with a 
will 


force, 


electromotive 
regular intervals, namely, 
potential difference across t 
certain critical 


reaches a 


type of oscillation does not de} 
h elasticit 


that 


inertia reacting wit 


sential nature is (a S 
some potential, some intensit: 
up by a continuous process, at 
dition becomes less and less st: 
in which discha 


b 


started, forms a path for itsel! 


one is reached 
take place, and this discha 
(as in a siphon or an electric 
ther discharge is facilitated wm 
built up gradually 
down the 
again. This of 
times referred to as a relaxation 


has been 


broken and 


pr eSS 


type oseillator 


tor) is the one with which alo: 
concerned in physiology. 

Waves may be transmitted on t 
principle in a system extended 
An unstable state is gradually bu 
until at some point, either thro 
or by some int 


external agency 


process, discharge is becun, which s 


and facilitates a discharge in neig 
ing regions which themselves disc] 
a wave is propagated. 


and so 


waves will occur periodically if at 


~ 
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; 


e potential a 


s less than that finally at 
mtinuous process of charging 
require, however, an external 
‘stimulus’’) to start them if 
ible condition, the limiting po 
is not attained spontaneously 
such waves will oceur to all 
their principle is obvious. | 


+} 


because the waves on 
ervous activitv is based appear 
this type. <All detailed theories 
us transmission may well be 
but this general idea of it, in 
building up and discharge, 
st certainly rig 
the chief ¢] 
systems, particul 
tabilitv’’ 
i small change 
» system itself 


This exeitability 


"a response as oce 


one in 
than normal, in 
ation than usual 


a discharge 


This state 


spontaneous discharge 


1 the other hand, discharge 
equire What is known as a stimulus 
rt a path for it. In a single organ 
nal level may be above or below 
{f spontaneous instability, accord 
the cireumstances. The greater 

onstraint on it the more quickly, in 
ral, it reaches the level of discharge, 
vreater the frequency of the so-called 
esponse.’” The time for the complete 
from the absolute refractoriness its mechan 
ving a response to complete recoy enough the 
ready for further discharge varies appear; the 
y from one organ or cell to an- straint somehow rais¢ 


It may be measured in thou- instability is reache 


s or in fractions of a thousandth taneous discha 
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It is necessary sometimes for a physi- 
ologist, as Rutherford was once heard to 
say, to make a noise like a_ physicist. 
Physies is not indeed the only, or even 
the chief, way of approaching physio- 
logical problems, but it has among its 
advantages that of providing at such a 
conference as this a language by which 
other people, for example, engineers, 
physicists and chemists, may be intro- 
duced to physiology. Through no fault 
of their own, no doubt, many people, 
people of high scientific standing, have 
never had any experience at all with that 
subject. They often have very absurd 
ideas about it. They do not perhaps go 
so far as the lady who, to a doctor try 
ing to explain to her what was wrong 
with her, made the appeal, ‘* Don’t, 
Doctor, don’t—lI like to think I am lined 
with pink satin.’’ But they are apt 
nevertheless to picture the inside of the 
body, if not as pink satin, at least as 
beyond the range of reasonable scien 
tific method. If, as I hope, there are a 
few engineers, physicists and chemists 
here, | would reassure them: physiology, 
and in particular that of the nervous 
system, is an experimental science like 
any other: no doubt it requires great 
experimental skill, but that makes it the 
more amusing: it is complex, but not 
bevond the wit of man to investigate: 
its complexity depends partly upon the 
difficult nature of its experimental unit, 
the single living cell, partly upon the 
fact that most of the effects which can 
be observed are due to the action and 
interaction of very many of these units. 

The nerve fiber in which the waves 
run is part of a nerve cell: the central 
part of the nerve cell usually lies in or 
near the nervous system: the fiber—the 
axon—runs out to the organ, muscle, 
gland or sensory ending, with which it 
is connected. The fiber is a fine thread 


of protoplasm, a few thousandths to a 


few hundredths of a millimeter in diam- 
eter but often of considerable length. 


The velocity with which waves are 


propagated in these fibers 1 
thing from 100 meters to 
timeters per second. In ow 


or sensory nerves the speed ISS 


near the upper of these limits 


The messages which pass 


fibers can be detected by var 


apart from the response, ¢.7., 


or sensation which they proy 


chief of these depends upon 1 


each impulse has an elect 
paniment, which, owing to 


provements in electrical tec 


} 


be easily and accurately reco: 


only, indeed, can we see 
chasine each other along 


an oscillograph, not only 


pulses in single fibers be recor: 


graphically, but we can eve! 


loud speaker to sensory impulses 


for example, by gentle pres 


toe of a eat. As Adrian 
would be no particular diffic 


onstrating the potential char 


froe’s nerve fiber as an audibl 


the radio. The power in the 


euit would be of the order ol 


the transmitter might radiat 


watts, five million million mi 


as much. It would, as he add 


s 


confession of failure if wit! 


sources we had learned not! 


about the working of the ne 


tem. As a matter of fact, 


In, and in connection wit! 


body itself as part of the cor 


phone arrangements of the 


(*¢ 


vous system, this electrical sig! 


activity is the chief means 


the last few years the subject 


so fast. Other signs, however 


and the investigation of these | 


considerable advance nh kno \ 


the physical nature of the 


nery 


itself. For example, when a sing 


pulse travels down a medullate: 


there is an immediate rise 
ture of the order of 10 


; 


millionth of a degree). This r 


a liberation of energy, small, 
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lv definite, of about 4 eres per probably I 


ments, theret 


tf nerve. A single fiber one hun 


of a millimeter in diameter, if | they consist 
d one gram, would need to stretel ords, prepared 


Thus, in sending Dy trainn 


t turned on 


0 kilometers 


nerve impulse 10 kilometers 
et tres ve 


t of energy immediately s« 
be about 4 ergs. One gram-calori 
send it 10° kilometers, about halt 
stance to the sun Clearly, com 

ation by nerve fiber is 
nsive! 

us remember, however 

ul variety of nerve waves 

n ordinary activity. Not] 

can better illustrate nervous ac 

a short discussion of the nature 

ilar skill What does a rul ables 
by whie 


scular movement 
how } 17 cular movemel 


rmer himself: 


proceeds how Take 


VA | " 
does fhe 


does he remember it: hoy 
‘oduce it? We know that when any 


ticular task is undertaken, any pat 


it does ne 


a rapid se 


; 


ilar movement made a stream oO 


ssages IS sent out In appropriate be mace 


On wet 
isted Conner 


sequence, Ost accurately ad) 


r tens of thousands ot nerve fibers on a SIMO 


millions of muscle fibers that carr a beam 


Ul We may imagine as a first and mirror 

eh approximation that the brain and record 
vous system contain a caretully 
ied set of gramophone records, e 

aay tO be taken out and turned or 
required. If we come to a hurdle 

high jump record is required: when 

‘ome to a ditch, the long jump record 
sense this simple idea is true 

avior Is largely composed of 
ared gramophone records, ca 

lset going by the appropriate stimuli 
our skill in movement depends ver) 

rgely on the degree to which we hav: 
rned to make it automatic Nearly 


erything we do is partly unconscious 


en we walk down the road we just 


our nervous system general instruc 
Ss To walk. We don’t set out in de 
how every muscle shall move, how 


ry unevenness 18 To he overcome, we 
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ranged in pairs or groups, and any given 
is due to the cooperation or 
different 
you 


movement 
antagonism of a whole set of 


When 


don’t just set the sails and tie up the 


muscles. you sail a_ boat 
rudder: you watch the wind, you adjust 
the sheet, you keep your hand upon the 
tiller, there is a continual interplay be- 
the the the 
steering. In the 
the nervous 


wind, sea, sails and 


tween 
the 
movement 


bodily 
the 


case of 
system is 

-ersmi | he : | all the 
steersman, Who has to compound a the 
messaves the nerve Waves he recelves 
to form one general impression on which 
When a given muscle shortens, 


But 


let go 


to act. 


its antagonist has to lenethen. 


notice: the antagonist does not 
all at once: if it did, 


like letting the 


the result would be 
sail out with a erash: it 
pays out gradually, in little jerks, each 


element in the contraction of one muscle 
provoking reflexly an element in the re- 
This 


play is going on continually, one muscle 


laxation of its antagonist. inter 


} 


hauling in a little, another paying out, 


controlling the move- 


so guiding and 
as smooth, as accurate 
This 


muscles, 


ment, keeping it 
and as well coordinated as nay be. 


continual reaction between 


nerves, end-organs and central nervous 


system is the physiological basis of mus- 


cular skill, and on its smooth and effi- 


cient working depend many of the things 
that 
plishment. 


mankind finds worthy of accom- 


venture inside the nervous 


That would require not a 


I will not 
system itself. 
lecture but a series of lectures to discuss. 
You must think of the nervous system 
which incoming 


vast exchange, in 


messages from all corners of the body 


as a 


are sorted, assessed, correlated, recorded, 
in which the response most necessary in 
view of all the circumstances is worked 
out. The automatic telephone exchange, 
the control post of the automatic traffic 
both this function in 


signal, carry out 


respect of a single purpose: the central 


nervous system does it in respect of all 


possible purposes. I can do little more 
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in this lecture than refer to th: 


themselves. those which come 


which go out, those which 
bility 


circulate within the 
These 


and before we ean begir 


itself. messages are a 
kind, 
stand the nature of nervous act 
necessary that we should kn 
thing about the unit on which 
of the 


which 


based 


mechanism LIS 
travels in the threa 
protoplasm. 

The 


fiber has a specific kind of 


ending of every sens 
Ssensit 
touch, to pressure, to heat, 
light, to 


and its 


vibration, as the cas 


reacting 


manner of 
specific. properties, 


are common tf . Ot these 
significant is the eyele of refra 
eitabilitv wl 


and returning ex 


All these organs are ‘‘relaxat 
lators”’ ot the t\ pe | referred 
The 


cause or constraint which al 


specific stimulus is the 


at which dischat 


Sp mtaneo Is 
stronger 


place the 


lower the level, the 


discharge. some 
‘‘adapt’’ to a e 
The 


warm. but in a 


hand put in warm wat 


short 


very 


organs sensitive to warmth ad: 


no sensation is experienced Su 


with touch. With there 
adaptation but not to the extent 
with the 


sight 


sensation 


plete lack of 


which tell us the state of tension 


tendons there is little: with soun: 
is practically none. The mechanis 

times 
excita 


sence 


this adaptation, this change ot 
discharge, is not understood, but 


tence is an essential part of our 


The 


oscillators is not constant 


some electri 
of the 


a pot 


level of discharge of 
under a 
straint but gradually rises; with 
and a 
surface 
Whats 


the frequency of discharge dim 
with the 


for long periods and so the same 


others level remains cons 


quency persists. 
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One limit to the nerve fiber and the 


iat travels in it as a means of 

rting to the nervous system events 
yrring outside is that it can not react 
the case of man) more than about 

to 2,000 times per second and at 
t speed only for a short time. Two of 
» most important stimuli are those of 
light waves have a fre- 
of 10: 


» frequency of the nerve fiber: to 


cht and sound : 
of the order utterly be- 
t appreciation of sound below 1,000 
» 2.000 waves per second would greatly 
terfere with its quality. Now if asingle 
rve fiber, with no specifie properties, 
is stimulated at a frequency higher than 
t ean follow, two things may result: (1 
It may respond at the highest submul- 
of the frequency which it 
follow, ¢.g., 4, 4, 4; (2) it may fail to 
respond at all. It will do the first if the 
frequency is not too high: the second if 
is. It is well known that very high 
frequency stimuli 100,000 /see. 
have no excitatory effect at all, even 


can 


(say 


when of a strength many times greater 
than that of an ordinary alternating cur- 
Sparks may be drawn from a 
man’s hand with no more sensation than 
that of the heat produced by the current. 
This is commonly attributed to the fact 
that high frequeney currents tend to 
travel on the surface of a conductor: the 
explanation will not hold, for two very 
good (1) the end 
organs are largely in the surface, so the 
effect should be greater, not and 
2) with the high specific resistance of 
living material the skin effect is negli- 
gible, even at frequencies hundreds of 
times greater than those at which the 
excitatory effect disappears. The ab- 
sence of stimulus is probably due to an 
electrical capacity existing at the surface 
of the excitable tissue, which prevents 
a potential difference from developing 
and a current from running across the 
surface until the capacity is charged. 
Whatever the explanation, the fact is a 


rent 


reasons: sensitive 


less, 


very obvious one: a n 
spond at all to stimuli of 
which is probably why the 
} 


hearing is about 30,000 waves 


ond. Below this limit, alt] 
tory nerve fiber is incapab] 
say 10,000 vibrat 

follow some subm 

per second, and since 1 

will very soon be out of 
another one tenth of them 
to every cycle and the brain 
receive 10,000 volleys of 


ond. A 


this way respond to a frequency 


number of 


to whl 


1} 
mecelvadly 


‘ 


the individual fibers can not e 


respond—a fact which has recently been 


placing 
auditory nerve and 


verified by electrodes upon the 


leading off to a loud 


speaker, when the ear and nerve together 
act as an efficient microphone, recording 
frequencies which no single fiber could 
conceivably follow. 

In the case of light nothing of the kind 
uuld it with 
except of 
great wave-length, and no specific re- 


ceptor for these exists. 


occurs, nor presumably ¢ 


electromagnetic waves very 
In the case of 
light a chemical reaction occurs between 
the physical factor 
vibration—and the response evoked by 
it. Unlike the case of sound, there is no 
direct numerical relation the 
wave-length of the light and the response 
recorded. 
chemical retina, and for 
warded by waves of various frequencies 
and in various fibers to the brain. There 
it is interpreted. The ear is capable of 
responding to frequencies from 50 to 
20,000 or so, a ratio of 400 to 1, a matter 
of nearly 9 octaves. The eye responds 
only within one octave. The difference 
presumably is that the nervous mecha- 
nism is capable of transmitting the re- 
sponse to the separate sound waves as 
separate 
waves to the brain; the light waves have 
to go by a roundabout way via a chemi- 


the electromagnetic 


between 


The stimulus is turned int 


. 
the 


code in 


groups of conducted nerve 
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eal reaction and a code. What a won- 
derful world of color we should have 
were our eyes sensitive to nine octaves! 

One of the greatest achievements of 
physiology in the last years has been the 
proof by Adrian and his colleagues that 
the only way in which a sensory nerve 
fiber alters its response, as the strength 
of the stimulus is altered, is by a change 
in the frequency of the waves which it 
forwards to the central nervous system. 
I may have disguised my meaning by a 
too careful choice of words, but I fear 
the wrath of my psychological friends 
if I dare to hint that the sensation due 
to a stimulus is measured by the fre- 
quency of the nerve waves which it pro- 
duces. The total effect of a stimulus de- 
pends upon three factors: the number of 
fibers which, by means of their end or- 
gans, it affects: the frequency of the 
waves evoked in each of these fibers: and 
the state of the nervous system, as 
affected by other stimuli simultaneously 
occurring, and other such factors. If I 
am to keep outside the central nervous 
system I must never come to sensation at 
all, but refer only to the number of 
separate nerve units reacting to a stimu- 
lus and to the frequency of the reaction 
of each. The waves in these fibers are, 
however, at least the physiological basis 
of sensation. 

At the other end of the scale is the 
response of muscles and glands by which 
the purposive reactions of the nervous 
system are effected. Here again waves 
in nerve fibers are the means by which 
communication is effected and orders 
despatched. These are waves of the 
same identical nature as occur on the 
sensory side, but waves of the type oc- 
curring in nervous conduction can never 
another, one-way traffic is 
and separate motor nerve 
fibers are provided. Here let me make a 
digression for a moment. A wave leaves 
a discharged region, a refractory region, 
behind it; for the same reason as waves 
ean not follow one another with less 


cross one 
necessary, 


than a certain interval two 
not eross—each comes into 
charged region of the other 
are wiped out. Curiously en 
ever, all tissues capable of 
these waves are in fact able 
equally in either direction: 
normal life, except in special 
(and perhaps in the central n 
tem itself) they never do. 
tissues are so arranged that 
take on a circus movement a: 
running round—chasing its 
more or less indefinitely: this 
phenomenon, discovered in the 
a marine animal, is the basis 
portant clinical disorder of t 
heart. In the nerve networks 
primitive animals, and in thos 
vegetative organs of higher 
same type of circus movement 
Mail 


ever, one finds waves which bee 


waves probably occurs. 


end in a single stretch of ¢ 
tissue. 

These waves, which are orde: 
effector organs, reach in gene! 
types of reacting cells—y\ 
muscle cells, involuntary mus 
and gland cells. Their passag 
voluntary muscle cells is so 
one tends to regard it as of 
nature as conduction in the ner’ 
In the other two it may have 
mediary, at least in certain insta: 
liberation of a chemical substance 
acetyl choline or adrenaline 
slowly produces a more prolonge 
sponse. The manner and mecha! 
conduction from nerve to musc! 
is still disputed, but there are some 
esting facts to record. 

Let me first, however, refer to n 
and its response. The elementar: 
of muscular contraction is the twit 
a rapid wave 
only a few hundredths of a second 
human voluntary muscle. 


of shortening—lasting 


All ordinar 
contractions are made up by the fusio! 
of such twitches: and the strength of 
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ntraction depends upon the number of 
r groups reacting and the frequency 


react. A maximum 
90 motor impulses 


which these 

is made with 

er second. This frequency can, as a 
er of fact, be rather easily seen in 
muscle by recording either its mechan- 
or its electrical response in a strong 
traction. In a weak contraction the 
fibers are reacting at a lower frequency 
nd out of phase with one another, so not 
+h is seen. In a strong contraction 
ups of them seem to fall into phase 
y some kind of resonance in the central 
Normally the impulses 
without 


nervous system. 
nerve to muscle 


In some conditions, however, 


pass from 


block is interposed across which the 


if 


waves can pass only with difficulty, if 


Such a condition may exist in a nor- 
experi- 
mentally it is best seen by poisoning 
with the South American arrow poison, 
rare. In this state the first effect is 
that only low frequency impulses can be 
transferred from nerve to muscle: the 
next is that complete paralysis occurs. 


| muscle after severe fatigue: 


The mechanism of this paralysis is dis- 
puted, but one curious and interesting 
example of its occurs in man. A disease 
exists called myasthenia gravis, in which 
the patient is incapable, for more than 
a second or two, of making any consider- 
able effort. If the ulnar nerve in the 
human arm be stimulated with a series 
of electric shocks the muscles working 
the fingers are thrown into contraction. 
In a patient with myasthenia two things 
may happen. If the shocks are of rather 
high frequency the response rapidly 
fades away. If they are of low fre- 
quency the response is nearly normal. 
When failure to respond to a higher 
frequency has occurred, transfer to a 
lower frequency gives the full response 
again. Here apparently there is an ab- 
normal condition in nerve or nerve- 
ending which is probably the cause of 


the characteristic sig 
Few physiologists ar 
a sudden contact 
does not give the 
Such contacts, see 
vide even the most 
its relation to reality 
Apart from the 
sensory impulses 
ferred, a multiplicity 
exists all over the 
the use of impulsé 
coordinating funet 
example, expand and 


} 


cally. This depends par 


ot 


ine rhyt hmie 


‘narge OL waves 


spontaneous dis 
certain cells. On this, however, a m 
control is exerted by impulses sent 
end organs in the lungs themselves 


movement of the lungs excites t! 


gans which discharge waves alo! 
to the center and so check an 
and limit the contraction of 
phragm. Normal 


movement consisting of 


breathing 
anced 
tinual 

impulses going to and 
Another such 
carotid sinus by which the pressure 


— 


aqaju 


interplay and 
from the 
mechanism exists 
composition of the blood cause 

to be discharged to the centers b: 
adjustments of these are effected. 
the high power of modern electric: 
struments there is scarcely any ¢ 
of the body from which such messag 
found 


rner 


can not be 
listened to with loud speakers, rec 


pouring out 


with oscillographs. 

You probably have heard the story « 
the little boy who wanted to know how 
animals had 
been told by his mother that God had 
made them. ‘‘And did God make flies, 
too, Mummy?’’ ‘*Yes, dear.’’ ae 
fiddling job making flies.’’ If he e 
have connected loud speakers and oscillo- 


came into existence and 


yuld 


graphs on to the nerve cells and nerve 
fibers of a fly and heard and seen the 
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amazing complex of wave motion, roar- 
ing backwards and forwards even in that 
small creature, he would have realized 
that ‘‘fiddling’’ was far too mild an 
adjective. I do not know how many 
motor and sensory medullated nerve 
fibers there are in a man, but let us 
guess. Assume that they weigh alto- 
gether 100 grams, that they have an 
average length of 50 em and an average 
diameter of 14. This would give about 
a million of them: I expect this is an 
underestimate. Let us think of a man 
running in a quarter mile race, exerting 
himself to his utmost. I think we may 
admit an average of at least 10 impulses 


per second to each of the fibers; total, 


10 million waves per second. This hur- 


ricane of coordinated impulses 1S 


in our runner. Even at rest I x 


we may allow him one twentieth 


half a million per second. Each ( 


impulses could be picked up 
corded or made audible by m 

trical technique. Each wave 
same general characteristics. E 


reasonable and intelligible thine 


properties of a vas depend ut 
average behavior of its molec 
that is governed by Statistica 


The properties of a man depend 


the total behavior of his nerve 
—but these—although so many 
ordinated and adjusted. Tr 
David said, we are fearfully 
derfully made. 
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is mI 
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Cross 


that ‘‘Mankind at the 


Now 
’? and the various less thoughtful 


Roads 
tracts which threatened us with early 
starvation have passed into the shadow 
the greatest food surplus of modern 
mes, it 1s no longer possible for the 
nlant physiologist or pathologist to 
y his activities on the simple 
nds of the necessity of saving the 
man race from hunger. This may 
n prove a favorable time for a reex- 
mination of the practical results of 
plant disease control measures in this 
ountry during recent decades. At 
present there is a tendency for the plant 
pathologist to apologize for his profes- 
sion. His apologies cover, of course, 
nly the practical phases of his work 
ind not the fundamental investigations, 
the results of which form international 
issets and which in our day need neither 
Obviously, if 
pathologist 


justification or apology. 

the professional plant 
has to offer as a practical reason for 
existence is still further expansion of 
production, he is entitled to a prolonged 


} 


holiday, and unless he can demonstrate 
the contrary he will probably get one. 

It may be conceded freely at the out- 
set that it is a general conception that 
the chief aim of applied plant pathology 
is the production of larger crops and 
that the benefits of plant disease control 
go to the producer of food rather than 
to the consumer. A somewhat more 
careful examination of the work of the 
plant pathologist shows that he is fully 
as much concerned with quality as with 
quantity of product and that the practi- 
eal results of his studies are in many 
eases of even more benefit to the con- 
sumer than to the producer. The popu- 
lar misconception referred to above is 
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DEPARTMENT OF AGRI 








due in part, of course, to the grea 
terest in foodstuffs taken by the agricul 
tural population and the very grt 
ignorance regarding the food sup} 
common among city dwellers. It is also 
partly due to ill-advised propaganda 

It would be easy to demonstrate that 


in general, technical improvements in 


agriculture which increase production 
actually redound chiefly to the benefit 
of the consumer. This point of view is 


adequately summarized in the report o 


the Secretary of Agricultur 1931 
p. 29 
Technical progress has increas 
ductivity tremendously in the last years, 
but the benefit has gone larg I 
sumers. Farming has been industrialized and 
mechanized. It has used science, d sed its 
production costs, and increased s 
without finding either profit or sé ! 
process. It has made two blades of grass gr 
where one grew befor y t l second 


blade depressing the price of bot! 


The purpose of the present paper is 
not to discuss this general proposition 


but to point out a few of the 


results of plant dis- 


specific 
ways in which the 


ease studies have been of benefit to t 

consumer, have indeed functioned di 
rectly as ‘‘consumer’s research,’’ if I 
may borrow the name of an 


worth-while modern organization. 
TIMBER TREATMENT 


Direct benefit to 
plant 


from the 


consumers 


‘] 
pathol 


investigations of wists is 
illustrated in the success of preservative 
treatments in the life of 
timber out-of-doors. Methods of 
treatment as well as types of preserva- 
improved in recent 


prolonging 


used 


tives have been 


years, but even those available twenty 


were of measurable benefi 


years 


avo 
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Fig. 1, taken from the report of the While the benefits from modern 

twenty-eighth annual meeting of the ber treatment are most readily avai 
to large organizations which car 
their own material, it is already | 
for the individual householder 
tain parts of the country to p 
small lots of treated lumber. 
supply will increase as demand er 
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_| gioean Conan, | |_| THE PRoBLEM of Decay or Fr 
—— se SF “Chm SRE VEGETABLES IN TRANSIT 
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The losses from decay of fruit 
vegetables in transit and on the 1 
1, SERVICE LIFE EXPERIENCE OF TREATED fa]] directly on the food consun 
UNTREATED TELEPHONE POLES ON OMAHA- 

DENVER LINE. 











though like many of his other tax 
pays them unconsciously. T! 
which the consumer pays must 
long run cover the losses of trans 
tion and sales agents. Any reduct 


American Wood-Preservers’ Associa- 
tion, shows the results of actual experi- 
ence under field conditions with un- 
treated telephone poles as contrasted 
with those treated by two different 
methods. It will be noted that at the 
end of 19 years practically all the un- 
treated poles had been replaced, while 
half of those having the best treatment 
were still in service. 

Something has been accomplished in 
the study of the diseases of growing 
trees and the control of certain forest 
nursery diseases, but no progress in this 
field has yet been observed which is at 
all comparable to this achievement of 
doubling the useful life of poles. In TABLE I 
considering these results it should not Awnwnvan ‘‘Loss AND DAMaGE,’’ as REP 


be forgotten that, measured either in BY FREIGHT CLAIM DIVISION oF AM 
the CAN RAILWAy ASSOCIATION 


such losses is a direct gain. L 
‘“*perishables’’ have been notor 
high and very difficult to reduc 
is well shown by recent reports 
freight claim division of the A: 
Railway Association, a unit esp 
charged with the task of reducing 
cost of ‘‘loss and damage’’ in ra 
shipments. The subjoined tabl 
which I am indebted to Mr. 
Pilcher, secretary of this division, 
both the high degree of success att 
in reducing ‘‘loss and damage’”’ 


terms of human labor or dollars, 

telegraph pole or railroad tie ready for = anne 

Fruits, melo 
vegetables 


use 1S a much more costly article than year All commodities 
the growing tree. The situation is well 
summed up by Colley: 1921 
1922 48,084,995 8 830.19 
1923 49,540,377 10,098,4 


$96,730,376 $13,898, 


To the consumer, decay in forest products 
means more than the loss of the actual wood 1924 48,262,543 
which has become rotten. It means replace- 1925 38,772,097 8,851, 
ment costs for lumber and labor, idle factory 1926 38,187,315 8,293.5 
space and abortive attempts to use substitute 1927 38,713,059 9,207 
materials in places where nothing can ever 1928 36,557,243 9,406, 
have the utility of wood. The individual pur- 1929 37,432,966 10,366,1 
chaser bears most of the expense. 1930 36,239,640 11,792,569 

1931 25,868,485 9,150.1 


12,058 6 


1 Science, 61: 107-109. 1925. 
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dities and the relatively great The figures for both tomatoes and 





ity of affecting that portion which strawberries deal with those producing 






es fruits, melons and vegetables. states having the largest n 
reduction in the total from over market inspection certificates. In 


lion in 1921 or even 48 million in case of strawberries 
is been marked and on the whole studied included shipme 







Y 


tinuous. The amount so paid in bama, Arkansas, Delaware, rida, 
Louisiana, Maryland, Mis 






vas less than 26 million. The loss Kentucky, 
















rishables, on the other hand, was souri, North Carolina, Tenness« 
g during the period 1929 to 1931, Virginia. These eleven states had 
isive, than in the preceding trien- 1930 over 113,000 acres of strawberries 
- even from 1921 to 1924. Dur- which represented almost tw ls 
g first five years, 1921 to 1925, the the ‘‘commercial’’ strawberry acreag: 
st of ‘‘loss and damage’’ from fruits, of the country Figures for tomatoe 
s and vegetables constituted ap- are based on inspection certificates ft 
ately 19 per cent. of the total. California, Florida, Mississippi, 
During the five years, 1927 to 1931, it messee, Texas and Mexie TI 
ip over 28 per cent. of all ‘‘loss states considered, name! f ! 
mage.’’ In spite of this some- Florida, Mississippi, Tennesse: 
discouraging showing, something Texas, had in 1930 somewhat ove! 
is been accomplished in those lines 109,000 acres of tomatoes grow! 
most work has been done. fresh fruit mark This represents 
about two thirds of the comme! 





rion OF Losses TO TOMATOES AND acreage reported as grown for the fres 






STRAWBERRIES IN TRANSIT market in the United States 
1922 To 1930 











tomatoes and strawberries have 







ng been recognized as being very sub- namely, the sum of the percentages 

‘t to decay in transit and on the mar- all the diseases noted, and compari 
ind although the field diseases of the four-year period 1923 to 1926 witl 
the four-year period 1927 to 1930 : 





two erops are different, the decays 





which occur in transit are in some ways evident that there has been a redu 


comparable. An import: art of the 
nparable An important part of the TABLE II 












ss in each crop is due to a species of a 

nay : COMPARATIVE LOSSES IN TRANSIT OF 7 
Rhizopus, which enters through wounds aan Genemmemneeee suas Conmane Ga 
and produces the characteristic decay ERN STATES AS INDICATED BY INsI 
usually known as ‘‘leak.’’ TION Ci AT 

Recent summaries of losses in transit, 

mpiled from the reports of the food y Losses in trans 

. : a . ear a 4 ~ . 

products inspection service of the Fomatoes : 
Bureau of Agricultural Economics, 1929 12.8 8 
make possible a rough comparison of the 1923 11.7 





losses due to decay in transit from cer- 








tain Southern states having long hauls — : 
market. These reports are based a aah 

solely on market inspections by un- 1998 8] 

prejudiced observers and, therefore, 1929 7.2 +. 

furnish a type of information not ob- oe ee bees 

tainable from the usual sources of plant- 1987-1930 py . 





disease reports or erop-loss estimates. 
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of losses during the latter period in both 
these crops. 

If these percentages look small, it 
should be remembered that the annual 


commercial strawberry crop of the 


United States varies from 200,000,000 to 
300,000,000 quarts, and the commercial 
crop of tomatoes usually runs well over 


a million tons. Among the factors 
which may account for this difference, 
improved handling methods and im- 
proved refrigeration seem to be the most 
probable. There have been few changes 
in varieties or in cultural methods, but 
much educational work has been done 
which has tended to improve handling 
methods, and there have been mechani- 
eal improvements in refrigeration and 
equipment. 

Such gain as has been made in toma- 
toes and strawberries has come through 
the gradual improvement of handling 
and refrigeration directed toward the 
control of certain rot fungi, and the 
figures here given are derived from a 
number of widely separated producing 
areas. More striking results are shown 
where direct control methods have been 
applied in areas of intensive cultivation 
of a single crop. As an example of a 
specific disease control measure which 
has become part of regular commercial 
practise to the advantage of the con- 
sumer, the control of apple scald may be 
cited. 

APPLE SCALD 


Seald has long been recognized as a 
serious disease of apples during the lat- 
ter half of the storage season. The dis- 
ease was made the subject of much 
study, and finally there was developed 
a simple and easily applied control 
method—that of packing box apples in 
oiled wraps and barrel apples in 
shredded oiled paper. 

The results of this treatment in ap- 
ples shipped from the state of Washing- 
ton are graphically shown in Fig. 2, 
compiled from the inspection certificates 
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AVERAGE PER CENT OF SCALO 
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Fic. 2. AMOUNT OF SCALD IN BOXED 

FROM THE STATE OF WASHINGTON AS 

THE INSPECTION CERTIFICATES OF 
Propucts INSPECTION SERVI 


of the food products inspection s 
Bureau of Agricultural Econon 
S. Department of Agriculture. A 
proportion of the Washington 
crop was packed in oiled wraps in 

a much larger amount in 1923, and 
1924 the method had been 
adopted. Since that time it has 
tinued in popularity and has beco1 
part of regular commercial practi 
that region. In 1922, a year in no 
exceptional in the incidence of scald 
percentage of inspected cars shown 
scald was 16.4. This fell to 5.3 in 1923 
and in the succeeding years has a\ 
aged approximately 2.5, which is son 
what less than one sixth of the an 
for 1922. 


PLANT PATHOLOGY AND THE ULTIMAT! 
CONSUMER 


For those whose ideas of ‘‘consumer’’ 
is even to-day restricted to the ‘‘ult 
mate consumer’’ who actually eats t! 


food, wears out the floor boards or talks 


through a telephone, as well as for those 





apple 


me f 


edible 


Th 


venta 


PLANT PATHOLOGY AND THE CONSUMER 


are not ready to concede that under 
present conditions reductions in produc- 
eosts reach such ultimate consum- 
t may be worth while to point out 


rs, 1 
many losses, preventable or reduci- 
by methods developed by plant 
ologists, fall largely and inevitably 
this very ultimate The 
that the plant the 

itehen has been little discussed or em- 


consumer. 
pathology of 


phasized has, perhaps, obscured the fact 
that here are met many of the most seri- 
us losses from plant diseases. It must 
be obvious that for a given percentage 

‘loss by disease in fruits and vegeta- 
bles the actually 
ereater than the producer’s for the sim- 
ple reason that the individual unit is so 
much more expensive. That is, the con- 
sumer’s apple is the producer’s apple 
lus the cost of picking, packing, ship- 
storage and handling, 
sales costs and profits. 

In addition to this it should be noted 
that the actual percentage of loss in the 
home is often much larger than the 
losses usually recorded either in field or 
in transit. This is especially true of 
decays of fruits and vegetables. <A con- 
spicuous example of this is the apple 
scald Serious as the 
losses appeared to be to those who pro- 
duced or stored apples they were rela- 
tively much more serious to the house- 
wife who in peeling a badly scalded 
apple for cooking or eating threw away 
me fourth to one third of the otherwise 
edible portion. 

The same thing is true for such pre- 
ventable diseases as potato scab, which 


consumer’s loss is 


as well as 


ning 


discussed above. 


apparently does not affec 
the growing plant or the total 


may well pass for a mere suri: 


ish to unsuspecting housewives 
sults in a real loss in the 
food available to the (i 
literally) ultimate ¢ 
tion holds, gl; 
decays of the erishable 
For example, a loss of 10 per cent. in 
ear of strawberries would be considered 
very large, indeed, but in a fairly 
proportion of boxes of strawberries 
purchaser finds it thr 
away more than 10 per cent. 

It was admitted 
graphs that neither th 
plant pathologist nor the consumer 


necessary to 


1 
} 


in t 


e { pel ing 


protessl »? 


narily realizes that the practical 
fits of plant disease 
measure to the ultimate consumer. 

failure to recognize the closeness of 


studies go in 


+ 


relation has, of course, no bearing on its 
reality, but may well hinder its fullest 
development. 


Somewhere in his eol- 
lected legal papers Justice Holmes « 


le. 
velops the philosophy that 
well do most for the public good under 
‘‘the illusion of self-seeking.’’ He in- 
sists further that, ‘‘ We all, whether we 
know it or not, are fighting to make the 
kind of a world that we 

My own feeling is that the plant pathol- 
this 
whether they know it or 
the interest of the e 
further, that it 
relations a!l around and more effective 
the fact 


men may 


should like.’’ 


ogists of eountry are working, 
not, largely in 


And 
better 


mnsumer. 
would promote 


progress if were generally 


understood. 





CAUSALITY IN THE PHYSICAL WORLD 


By Professor R. B. LINDSAY 


PHYSICAL LABORATORY, BROWN UNIVERSITY 


HuMaN life is proverbially uncertain ; 
it is commonly said that in this world 
we are sure of nothing but death and 
taxes (one might almost say further, an 
taxes). In sharp contrast, 
the inorganic universe in which we live 


inerease in 


and which is the object of our senses has 
been commonly assumed by most to be 
governed in all its workings by quite 
definite and immutable laws which, like 
those of the Medes and the Persians, 
‘‘altereth not.’’ No matter how dis- 
orderly mere man shows himself, the 
large scale universe at least is on the 
side of law and order. The actions of 
a politician may be decidedly unpre- 
dictable, but for nature the great prin- 
ciple that every effect has a definite 
cause seems to be still on the job. At 
least this has been the common feeling 
up to rather recent times. In the past 
few however, there have been 
some very disturbing reports from the 
laboratories and the studies of physical 
scientists. The mystic but somewhat dis- 
eouraging word ‘‘probability’’ begins to 
be heard more and more frequently; 
more and more frequently the Sunday 
supplement cartoonists are called upon 
to produce pictures of chaos to illustrate 
the popular accounts of the latest de- 
velopments in theoretical physics. We 
learn that the greatest authorities are 
convinced that the watchword of nature 
is no longer ‘‘cause’’ but ‘‘chance,’’ and 
more disturbingly still, not merely the 
kind of chance which the life insurance 
company exploits to the advantage of 
all its policy-holders, but also the kind 
of chance that is displayed in the specu- 
lations of the stock market. We are 
presumably asked to adopt the view that 


years, 


nature is in the last analysis the play- 


thing of a gambler, that nothing 
universe is really predictable. 
Now the question which I wish 
cuss in the present article is simp]) 
What is the justification for this 
view? Is the situation after al] 
ous as it sounds? And is it not p 
that the popular accounts may bé 
ing to an unfortunate misundersta 
of the whole problem? Of cours 


who desired to be only moderate 


ical might say at once that all att 


to popularize science lead to misu 
standing, and hence that my 
will probably merely lead to ‘‘co 
worse confounded.’’ I can only 
that this result, to use the new 
will not follow with certainty but m 
with a certain degree of probabilit 
Before one can have any appré 
of the meaning of causality in p 
it is necessary that one shall underst 
just what the physical scientist 
what his business is. It may be ob, 
that this is a long story. That is 
but a brief survey seems essential! 
state what (or, in parti 
physical science) is in words of one s 
lable is, of course, not easy. As 
introduction consider the following 
slight modification of a parable of 
philosopher Schopenhauer : ** Two ‘ 
men traveling in Europe went 
theater for the first time. One of t 
did nothing but study the stag 
chinery, and he succeeded in finding 
how it was worked. The other tri 
get at the meaning of the play in spit 
his ignorance of the language. In 
former you have the physical scie1 


sclence 


in the latter the philosopher.’’ This 


not intended to be at all derogat 
the philosophers. But no one can fa! 


tween 


Invoca 


huma 


to adc 


rra 
sia 


‘ 
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CAUSALITY IN THE 
profound difference in method 

it 18 here implied. Both philosopher 
1 scientist seek for an understanding 
experience of mankind, 2.e., the 

, total of our sense-impressions of all 
s: but while the philosopher (at any 
the past) has sought to appre- 
xperience as a whole in what may 
the 


d its fundamental aspects, 


scientist tries to abstract from 
tality of experience certain small 
s which he thinks he 


describing in such detail 


has some 
that 
e result holds meaning for himself and 
- persons with similar interests. It 

nmonly said that the task of science 
} explain all natural phenomena, but 
is well to recognize that the scientist 
» uses the word explanation in a very 
better ex- 
It is 
function of the physicist to 
nswer the question why experience is 
is it is, but rather how do things actu- 
ly go. The latter is a less ambitious 
‘ogram than the former. Perhaps that 
s why it has proved so much more suc- 
cessful during the three or four hundred 
years during which it has been pursued. 
Many well-intentioned and enthusiastic 
people have indeed attempted, for ex- 
ample, to explain why the law of gravi- 
tation holds, that is, why every particle 
in the universe should attract every 
ther one with a force inversely propor- 
tional to the square of the distance be- 
tween them. They have done this by the 
invocation of all kinds of cosmic urges 
and mystical forces. However, it is safe 
to say that all this has proved worthless 
r the development of physical science 
as compared with the simple assumption 
f Newton, expressed in mathematical 
form. For the latter, when combined 
with the principles of mechanics, has 
yielded the whole of celestial mechanics, 
one of the crowning achievements of the 
human mind. Of course, I must hasten 
to add that there have been theories of 
gravitation, some of which, like that of 


ial sense, namely, that 


‘essed by the term description. 


+ + 
) ne 


PHYSICAL WORLD 


} 


: . . : 
Wlil undadouodtedl 


relativity, 
significance for physics. 
ever, fferent 
from 


study of 


are in quite a di 
**erank’’ erature, 
the ‘ 
theory will shor 
If, then, tl 
entist is to co 
limited 
we ought to say 


certain 


character ol 
by which it 
we must note 
selence are obtaine 
from experiment 
perception. Passive obse1 
lated by idle curiosity, 
rood enou; 

long since ceased to suffice: 
now insists on abstracting fro 


ity of small 
4 } 


speclauy 


experience a 
intensive investig 
in his mind certain ideas wl 
this domain and whic] 
definite questions; 

vo through a well-defi 
tivity 
thought-out operations in the | 
This 
nected with the notion of measur: 

It is here that there enters into science 


by performing 


14ea 18 ¢1 


operational 


the highly sophisticated mode of tl 
called 
symbolism, of which number is the mo 


ttendal? 


mathematics with its atten 


important form. Every experiment 
physical science in which measurement 
plays a role (and these are in the over- 
whelming majority) reduces essentia 
to an operation involving the observa 
tion of the coincidence of a point 
pointer with a mark on some scale, or 
the comparison of sets of such coinci 
dences; the symbolic expression the 
is made by means of num- 


the We 


“17 
lilustrations as 


observation 


bers associated with marks. 
think at 
measurement of 
thermometer, of 
electromotive force by 


of mass by a balance, or time by a clock, 


onee of such 


temperature with a 


current and 


electric 


meters, 


means of 
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etc., etc. In every case there is a scale 
and in every instance we are interested 
in the position of a pointer on that scale: 
the result we insert in our note-book is a 
number representing the position of the 
pointer on the scale or what Eddington 
has ealled a pointer-reading, a now justi- 
fiably famous term. 

The brevity of these remarks is, I fear, 
rather disconcerting, but at any rate it 
is evident that some rather fundamental 
matters are involved. The use of scales 
and a clock at once introduce the no- 
tions of space and time and commit the 
physicist to some kind of view with re- 
gard to these categories. More impor- 
tant still, perhaps, is the emphasis on 
the fact that the description of physical 
experiments is carried out in terms of 
number symbolism. This is an ex- 
tremely significant state of affairs. Its 
adoption has colored the whole develop- 
ment of physics, so that now physics 
without the symbolism of mathematics 
appears meaningless. Of course the 
symbolic method has far transcended the 
elementary use of numbers. There is 
hardly a branch of mathematical sym- 
bolism which has not found valued use 
in physics. But this is too deep a sub- 
ject for us to sojourn longer. 

We must return to our physicist and 
his description of experience. From the 
results of his experiments he seeks to 
frame laws which are brief, symbolic 
expressions describing certain apparent 
routines of experience. To call laws like 
those of Boyle, Ohm, Hooke, ete., to 
mention but a few of those familiar to 
every student of elementary physics, 
mere shorthand descriptions of actual 
laboratory operations is, however, to 
do injustice to their true significance. 
Rather the real value of a law is that 
it represents confidence in the possible 
repetition of a certain set of operations. 
The physicist, for example, after numer- 
ous experiments writes the equation 
PV =K, where P is the symbol for an 
operation which he calls measuring the 


pressure of a gas (and by which 
tion a number may be attached 

V is the symbol for a corresp 
operation called measuring the y 
of the gas, and K is a constant as | 
as the temperature is constant. T! 
very little meaning or value in this , 
pression if it is a description of n 
one operation conducted at one part 
lar place at one particular tim 
significance consists in the fact 
describes more or less faithfully 
tude of similar operations, irres; 
of time or place. It contains 
itself the power of predicti 
future, for it tells us, if at any 
time we carry out a certain pres 
set of operations, just what we may 
pect to happen. It expresses our t 
in a certain consistency of nature 

Now it is important to realize t 
confidence in the consistency of 
is never justified in actual fact. N 
periment ever gives precisely t! 
predicted by the law or laws whic 
port to describe it, and at times t! 
crepancy is very considerable. 
however, does not discourage the | 
cist, who is by nature an optimist 
must remember that though his busi 
is to describe the world of experie1 
does it by constructing a world 
own. This is what we may call 
physical world. It should be called 1 
physicist’s world. It is the world w 
the physicist’s laws never go wrong 
never fail in their prognostications 
suppose we may say that it is his 
of heaven. 

To say that the physical world is 
world of symbolic laws is not enoug 
It is a world of theories, those conce} 
tual generalizations from which all 
laws descriptive of a certain group 
phenomena may be deduced by pur 
mathematical means. Thus we have th 


+ 


theory of mechanics, one of the grandest 
generalizations ever created by the mind 


of man, and the concomitant mechan! 
theories of light, sound and heat. 
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ilding of each theory the physicist 
gins with certain concepts suggested 
experience and defined in terms of 
al or conceived operations through 
use of naive psychological notions. 

are, for example, the concepts of 
locity, acceleration, mass and force in 
These concepts are all ex- 


mechanies. 
essed symbolically and certain mathe- 
itical 


ymong th 
] 
i 


relations are assumed to hold 
em. In classical physics these 
ly in the form of differential 
and constitute the funda- 

m ntal hypotheses of the theory. From 
these hypotheses and the basic concepts 
be drawn by purely 
mathematical means. These deductions 
mathematical relations 
If they agree with 

the physical laws descriptive of phe- 
omena in some field, the physicist says 
that he has a physical theory of these 
phenomena. Naturally the aim always 
is to make the theory subsume as large 


usua 


1ations 


leductions may 
ire themselves 
mong the symbols. 


1 group of phenomena as possible, and 
ur satisfaction with a theory varies in 
rdance with its domain of validity. 
however, is not all. We want a 
theory to be able to predict new laws 
which will be verified by further experi- 
mental investigation. Close examination 
shows, indeed, that precisely this ability 
to predict is the real criterion for the 
success of every physical theory. When 
Maxwell, for example, predicted the laws 
of electromagnetic wave propagation 
from the electromagnetic theory he had 
built on the work of Faraday, he secured 
for the theory a much more whole- 
hearted acceptance than would have 
been possible on the basis of the success 
with which the theory described phe- 
nomena already known. 

We are now ready to see where causal- 
ity fits into this picture. We have al- 
ready noted that the physical world is a 
world of concepts, laws and theories, and 
in that world the physicist has complete 
control. What meaning does causality 
have for him? It must be confessed at 


IN THE 


PHYSICAL WORLD 
once that the p 
and effect 
This noti 
to separate 


has litt 
eyes. 
every physical 
into two parts, of which 
to be the cause of the seco 
ond the effect of the 

a simple illustration 

wire by a weight, 
by Hooke’s law. 
rate the act of a 
has been popularly ec: 


+4 


the extension, while 
figures as the effect 

idea being that with the fi 
in operation the extension takes place, 
while without it the extension does n 
take place. There may be a certain ad- 
vantage in this popular version, and cer 
tainly it is an instinctive stand taken in 


However, it has hi 


In the ex- 


every-day life 
value in the physical world. 
ample cited, the physical law states a 
relation among symbols which represent 
well-defined laboratory operations, and 
there is no notion of precedence or ante- 
cedence involved in them. If this is the 
ease, Just what does causality signify? 
It means assigning universal and ever- 
lasting validity to every physical law 
This implies in turn the possibility of 
the exact prediction of the future state 
of any physical system as soon as we 
know its state at any instant. The clas 
sical illustration of causality is drawn 
from mechanics. 

which purport to describe the motion of 


There are certain laws 
a planet about the sun. These are sucl 
that if we know the position and velocity 
of the planet at any instant we can eal- 
culate its position and velocity at any 
subsequent instant or indeed at any in- 
In other words, we 
and 


stant in the past. 

may upon the 
past of the mechanical system in ques- 
tion as strictly determined from its state 


look whole future 


at a given instant. In this sense causal- 
ity is equivalent to determinism. The 
success that celestial mechanics has en- 
countered in predicting actually ob- 
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served celestial phenomena like eclipses 


has of course gone far to emphasize the 
power of the causality principle as it is 
employed in classical mechanics. Never- 


theless, it must again be borne in mind 
that, though strict determinism holds 
in the mechanics of the physical world, 
there is still no complete assurance that 
such will be found to be the case in 
the world of experience. The physical 
theory may make a prediction, but all 
we can say is that there is more or less 
probability of the prediction being veri- 
fied. In many cases, such as that of the 
prediction of celestial phenomena, nu- 
merous trials have made us feel that 
the probability of verification is over- 
whelming, but even here we never expect 
to get exactly the result theoretically 
predicted. Even eclipses are apt to be a 
few seconds off. What conclusion shall 
we draw? Simply this—that though 
causality in the sense of exact determin- 
ism is a basic principle of the physical 
world, it does not hold in the world of 
experience. Does this mean that we live 
in a world of blind chance? We find it 
hard to believe that, and so we dilute 
the definition of causality somewhat by 
the admixture of a little probability. 
Most practical people do not object to 
this, and it certainly bolsters up our con- 
fidence in the utility of science. To be 
sure, there are some scientists who prefer 
to go the whole way and, because com- 
plete causality is impossible, become out- 
right indeterminists with the thesis that 
all physical laws in their application to 
the world of experience have only statis- 
tical validity, that is, they work on the 
average; deviations and fluctuations 
must, however, be expected. 

Now I do not wish to give the impres- 
sion that the principle of causality has 
been universally employed, even in the 
construction of the physical world. Con- 
sider, for example, the kinetic theory of 
gases, according to which a gas is as- 
sumed to consist of a large number of 
small particles called molecules moving 


in straight lines in every direct 
varying velocities and collid 


quently with the walls of the 
vessel and to some extent 


i 
\\ 


other. It is further postulated 


in the simplest presentatio} 
theory, that each molecule 
sphere and that its motions 


described by the ordinary lay 


lisions in classical mechanics 
servation of momentum, ete. 


~ 


of course a construction in th: 


world and in particular one | 


damentally on classical mechani 


this point of view the problem 


description of the large seale 
of a gas would reduce to the 
caleulate the position and \ 


every molecule at some definite 
of time. The number of molec 


ever, is so great that this is 
task. What do we do in sue 
dary? We invariably fall ba 


tistical considerations. We ec 


gether to fix attention on the 
members of the aggregate a1 
trate on the average. This 


, 


? 

a 
} 

. 
in 
1d 


inv 


theoretical departure from strict 


ity that we make cheerfully fi 
of convenience ; and, of course 
known that the statistical 

gases and more recently of li 
solids as well has proved of 


yr Tt 
t} 
qul 


en 


utility. I cite this illustration i 


to stress the fact that the physicist 


not always feel himself bound 
causal laws in the construction 


physical world. It is worth 


w! 


emphasize that, even in the devel 


of classical physics, probabili 
erations have been used repea 
no one has raised any hue or 


it. The question then arises: 


the meaning of the present f 
anxiety ? 

The reason is to be found i 
quantum mechanics theory 
structure and in particular i 


ty ¢ 


7 
tedaly, 


ery 


lare- 


n the 1 


of 


n the 


famous principle of uncertainty 


determinism of Heisenberg. 
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is interesting because it purports 
Sx limits to the exactness with which 
urements may be carried out even 


iu 


ly. The now classic example is that 
¢ the electron. Suppose we wish to 

asure its position with great precision. 
It is then asserted that we must sacrifice 
‘ision in measuring its velocity; we 
st remain content merely with the 
with the 


robable value of the latter, or 
bability that the electron shall have 
ity lying in some assigned inter- 
More precisely still, if we denote 

x and v the position coordinate and 
‘ity of the particle, respectively, by 

x the limit of which x 
be measured (1.e., the possible error 
fixing x) and by Av the correspond- 
ing limit for velocity, the principle maj 


expressed symbolically in the form 


Ax-Av=h/m 


where h is the so-called Planck constant 
55 x 10°?* ere 
le 


accuracy to 


a 


action, of magnitude 6.! 
sec, and m is the mass of the particle. 
According to the principle the product 
Ax-Av is at great as h/m, 
though it is to be that the 

‘tual magnitude is not stated, the im- 
plication being that the order of magni- 
tude of the product is that of h/m. It is 
clear that for particles of ordinary mass, 
the uncertainty predicted by the prin- 
ciple is negligible. However, this is by 
no means the case for a particle like an 
electron, nu- 
merically comparable with h. In this 
case, if Av is very small, Ax may be 
relatively enormous, indicating complete 
inability to localize the electron if the 
velocity measurement is to be precise, 
and vice versa. The net result of the 
principle is thus frankly acausal or in- 
deterministic. For, if we can not fix 
both position and velocity of an electron 
at any instant, we certainly can not fix 
its state at any subsequent time. We 
have lost our power of prediction with 
respect to it. 


- P 
ie@ast as 


observed 


whose mass in grams is 


I should like 
form in whic! 
here, it i 
cialized 


cl 


anics, 


lated into 
notions of spac 
rally interpret 
However, it is « 
interpretation 
meaning to suc] 
ment of an electr 
sible to take the 
surement is really 


course would ent 


physical world picture of 


as an electron as existin: 


time has broken down. 
that the causality 

the discard? Ni 

if we wish, on 
mechanics, to 

trons which can be 
must 

the 


does 


time we 
However, 
chanies 


quantun 
not Ioree us to tl 
electrons in this way. It provides a 
fectly satisfactory way of looking 
problems of atomic structure wit 
invoking our usual space-time 
and this way is cert: 
ministie or causal in 
sense. It is only when 
late the results of this theory 
usual space-time language that the 
ure of causality becomes evident 
clear that 
time concepts too closely in buildings 


in using our ordinary 


physical world we have been hampering 
ourselves unduly. Quantum mechanics 
shows the way to emancipation. It is a 
difficult way mathematically and there 
are probably not many except theoretical 
physicists who will care to try to follow 
it. This, not important 
What is important is that there is no 


however. is 





oe 
doo 


real breakdown of the principle of cau- 
sality involved in quantum mechanics. 
Precisely as in classical mechanics, the 
difficulty occurs when we try to make 
the transition from the physical world 
picture of quantum mechanics to the 
world of experience. 

There has been considerable specula- 
tion concerning our inability to con- 
struct a physical theory of atomic phe- 
nomena, using our classical notions of 
space and time, without running into 
indeterminism. Much has made, 
for example, of the fact that all physical 
measurement is based on the possibility 


been 


of observing a phenomenon without dis- 
turbing it. In order to measure any- 
thing we must go through certain opera- 
tions. These imply the activity of an 
observer, whether he is on the spot in 
person or This is pretty obvious 
in the most laboratory opera- 
tions, but it is well to emphasize the fact 
that even the act of looking through a 
telescope at a star in order to observe its 
position really disturbs the star. Of 
course in this and many other cases the 
disturbance is so monstrously small that 
we think little about it. On the other 
hand, it is conceivable that experiments 
in atomic physics are much more seri- 
ously affected by such disturbances. 
Thus to quote a commonly used example, 
if one wishes to locate an electron one 
must ‘‘see’’ it, and in order to see it, one 
must illuminate it. But the very act of 
illuminating it disturbs the electron so 
much that it is in an altogether different 
state after illumination than before, and 
examination indicates that the shorter 
the wave-length of the light (7e., the 
more sharply defined the electron), the 
more disturbance will the electron suffer. 
Indeed it is possible to give a kind of 
deduction of the uncertainty principle 
from an analysis of an experiment of 
this kind. It is possible to take the atti- 


not. 


ease of 


tude that if there were no observer at 
all the electron would have its behavior 
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completely determined. The lac! 
terminism on this view arises sole], 
the unfortunate presence of the ob. 
There are at least two possible Solu . ; 
In the first place one may absorb ¢ | 


server (7.e., the subject) and the { 

observed (t.e., the object) into o1 7 ‘ 
system in which strict causalit: pees 
reign, though of what earthly use ; 

be it is hard to see on the basis theori 
present view of the descriptive re 
of physical science. On the othe: The ¢ 
it is possible to take the stand that 1 quarr 


and his instruments are too ¢ 
part of nature to be sufficiently 
in the description of experience, 
it is possible to imagine an id 
capable of observing and describi: 
no disturbance and with 
jectivity all that ever happens 
universe. This last 
gested by Max Planck. It is furt 
interest to note that the subject 
dualism just touched on has been str 
in very interesting fashion by N 
Bohr. 

How shall be conclude our b 
vey of the problem of causality 
physical world? I think we may 
marize by saying that there is su 
thing as the principle of causa 
physics and that it has played an 
tant role in the building of the ply 
world. In this world and in this a 
does strict causality in the physical s 
reign. As soon as we try to mal 
transition from the physical w 
that of our actual 
causality must be associated with 
probability concept. However, th: 
nothing to worry about in this. 
task of the physical scientist is 1 
scribe events and he is entitled in fr 
ing his description to use the n 
powerful methods which his mind 
imagine. If adherence to strict caus 
ity entails too great complexity he | 
fall back on probability, as is evid 
from the wide-spread and increasing 


comp 


idea has bi 





sense-percept 








CAUSALITY IN THE 


level pment of statistical theories. This 
nakes it sound foolish to talk about the 
akdown of causality in the more re- 
ent theories of the atom. The use of 
causal principle is just as possible 

as it ever was, and if some physicists 
want to give it up it is only because they 
prefer to retain the classical space-time 
oneepts as the for their 
instead of ethereal 


seaffolding 
mechanics. 


the 
quantum 


more 


the ries 


abstractions of 


a 


The choice is theirs to make; 
quarrel with them, for in the last analy- 


no one can 
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sis the question 
never be sett 
grounds. I 
conveying the impressi 
tion of ¢: 

terminism 

physical world, is 
important. We 
armed bot] 
description, the physic 
forth to attack with 


fortress 


with 
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By Dr. JOHN ZELENY 


PROFESSOR OF PHYSICS, YALE UNIVERSITY 


Wuat is the structure of atoms? 
What is the nature and the arrangement 
of the parts of which atoms are built? 
What is the character of the forces that 
hold these parts together? How much 
energy do atoms possess and where is 
this energy located? These are impor- 
tant problems, to the solution of which 
many physicists are at the present time 
directing all their energies. The open- 
ing skirmishes of this battle for know]l- 
edge have already taken place. The 
rings of outlying fortifications have 
fallen and we have here but to consoli- 
date the ground gained. The heavy 
artillery is even now engaged in the 
final assault upon the nucleus, the cen- 
tral citadel of the atom wherein lie hid- 
den the main treasures we seek. A 
continuous shower of projectiles has 
already made some minor breaches in 
the walls. New guns are hurriedly 
being brought into action and new 
weapons ever more powerful are in 
process of construction. No man can 
tell how soon the end will come, but be 
it ten years or a hundred the battle will 
go on with undiminished zeal until vic- 
tory is won. Science does not count cost 
nor ask what price victory. All this 
activity has not escaped public notice. 
Every layman is informed through the 
daily press of what is going on. What 
is said here must necessarily be in the 
nature of a survey of the situation. 

It may not be amiss to point out at the 
outset that when we enter the domain of 
the atom we are on ground where the 
ordinary laws and concepts of physics, 
which we use with such confidence in 
connection with gross matter, have not 
been tested and may not be directly 


a 


005 


> 


applicable. It must also be 
that perhaps we have been too 
as to our understanding of the 
nificance of the fundamental 
in terms of which we describe t 
eal world. Our knowledge of t 
cepts is in reality limited in char 
Let us consider for a moment 1 
we call the mass of a body and 
what new light we must look u; 
concept when dealing with atoms 
have learned that the electric fi 
a charged body offers an inert 
tance to accelerated motion and t 
the fundamental attribute wi! 
ascribe to mass. A charged b 


fore has more mass than an une 


one. The smaller the space int 

a given charge is concentrat: 
larger the mass associated with 
supposing a charged atom sufi 
reduced in size its whole mass 1 
ascribed to its charge. This supposit 
has indeed been made in a theor 
considers all matter to consist m 

an assemblage of electrical 
When two oppositely charged bod 
brought near to each other the ¢ 
fields associated with those charges 
come in part annulled, owing to 
lapping, and accordingly a porti 
the mass disappears. The sum 
masses of two oppositely charged | 
is therefore greater when they 
apart than it is when they are clos 
gether. 


atomic structure theory, in what 

known as the packing effect. 
Furthermore, it has been found t 

the mass of a charged body in 





The effect is really only app! 
ciable at very small distances, but, as ' 
shall see, it plays an important part 
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The in- 
.se in mass is inappreciable for ordi- 
velocities, but it becomes great at 
that of light. 
us the mass of a body is seen to de- 


1 on its kinetie energy, and Einstein, 


its velocity is augmented. 


ities approaching 


extension of this idea, made the 
body 
n its total energy content, be this en- 
Accordingly, 


mass of a depend solely 
ey kinetic or potential. 
en a body loses energy it loses mass. 
When it gains energy it gains mass. A 
ly radiating energy does so at the 
this 
four million tons of the sun’s 


spense of its own substance. In 
manner, 
mass are supposed to be transformed 
every second into radiant heat. Mass 
ind energy are but two different aspects 
f the same entity. In atomic relations 
we may speak of the conservation of 
mass and energy only when the two are 
taken together and not when considered 
separately. 

Another important generalization 
made by Einstein must be mentioned. 
Planck had found it necessary to assume 
that radiation is not transferred contin- 
uously, but that it is given off in definite 
ealled quanta. To account for 
certain experimental results Einstein 
considers these quanta of radiant energy 
localized in small volumes which do not 
spread during propagation through 
space. It is thus possible for a quantum 
of light to be emitted by the atom of one 
body and be delivered intact to a single 
atom of another body at a great dis- 
tance. The electromagnetic wave de- 
scription of radiant energy transfer can 
only be considered valid in a statistical 
sense based on probability considera- 
tions. 

As far back as 1815, Prout, noting 
that the atomic weights of many ele- 
ments are close to being whole numbers, 
enunciated a hypothesis that the atoms 
of all the chemical elements are com- 
posed of varying numbers of hydrogen 
atoms linked together. There was seri- 


units 


ON THE ATOM 


ous objection to the 
of the 
number rule The dise 


excep 


many 
atoms of many elements are 1 
and 
have for the 

difficulty. The w 


hew measureme 


atoms actuall) 
bers when compart 
16. Nevertheless, t 
ferences from 
large to be 
periment. T! 
accounted for, 
plained, by supposit 
of mass resulting from 

of the elementary charge: 

the atoms. 

But have we no evidence of the struc- 
ture of atoms that is more 
character? These objects are naturally 
far too small for direct 
How then can we learn anything about 
them by experiment? We do 
bombarding the atoms with high 


positive 
observation. 


this by 


speed 


particles or by quanta of radiant energy 
and look for effects of the collisions both 
on the bombarding particle and on the 
atoms bombarded. Observations of elec- 
trical through the 
gases in highly exhausted tubes showed 
arged 
little 
that 


part icles, 


discharges residual 
the presence there of negatively ¢) 
particles having a mass only a 
than 
of a hydrogen atom. 
ealled 
atoms by violent actions within the elec- 
nrst 


They are 


two-thousandth 
These 


were 


larver 


one 


now electrons, torn from 
trical discharge and they are thé 
chips obtained from atoms. 
found to be building stones, 
the atoms of all the elements. 

Since an 
tively the remainder of every atom must 
What 
can we say regarding the spatial distri- 


common to 


electron is charged 


hega- 
have a resultant positive charge 


butions of the two electricities in atoms? 
Rutherford bombarded metal foils with 
positively charged particles and from 
the angles at which these particles were 
seattered he was led to conclude that the 
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positive portion of the atom is concen- 


trated into a very small region, only a 
few millionths of a millionth of a centi- 
meter in diameter. This is roughly 
about one ten-thousandth of the diame- 
ter of the whole atom. Here then 
started the prevailing theory of the 
nuclear atom, according to which the 
atom is a very open structure resembling 
our solar system. There is a central 
positively charged nucleus which con- 
tains nearly the whole mass of the atom 
and is its vital portion upon whose in- 
tegrity the identity of the atom depends. 
Surrounding the nucleus there is a 
swarm of electrons ranging in number, 
in regular sequence for the different 
chemical elements, from 1 to 92 and 
arranged at various distances in the so- 
called energy states or levels. These 
negative electrons just offset the positive 
charge on the nucleus so that, at consid- 
erable distances, the atom behaves like 
an electrically neutral body. These out- 
ward defenses of the atom have been 
subjected to intensive study by noting 
the effects of bombardment with elec- 
trons of various speeds and by measur- 
ing the frequencies associated with the 
light quanta that they emit. We al- 
ready know the energy relations between 
the different levels and the number of 
electrons belonging to each level. The 
energy required to remove one of the 
outermost electrons from an atom may 
be stated as equal to that acquired by an 
electron in falling through a potential 
difference of but 10 or 20 volts, whereas 
for the removal of one of the innermost 
electrons from an atom of high atomie 
weight an electron must acquire energy 
by falling through more than 100,000 
velts. To account for some of the effects 
observed it has been necessary to assume 
that, in some cases at least, the electrons 
and the nucleus as well are spinning like 
tops. 

As to the exact locations and velocities 
of the electrons in the different levels, 


we can but speculate, since thes 
permit of direct observation. Bol 
us an atom model with electrons ; 
ing about the nucleus. This met 
success in explaining some of 
tions from hydrogen atoms. 
physicists still like to picture 
this way. Chemists, however, p: 
think of a static system of ek 
since the outermost of these « 
serve as bonds for holding ato: 
gether in the formation of molecu 
We come finally to the nucleus 
innermost portion of the atom 
tected as it is by its outer rings of { 
fications and by its own formidable \ 
how are we to learn anything 
what is within? Paradoxical as it 
seem we have thus far learned 
about the nucleus by doing but 
more than use our eyes. Close obser 
tion from the outside of some 
families of the heavy elements, like ; 
uraniums and the thoriums and 
ums, brings to light the fact that 
inhabitants of these nuclei lead 
full of stress and discord. Here 
the window of one of them we see | 
a large missile with a velocity 
than 10,000 miles a second. Out 
other window comes a smaller 
having more than ten times this 5 
And now here comes, dare we say, 
etherial entity so energetic that the | 


| 


of it have never been seen before. W 


gather up these fragments that 
been cast into the street. We st 
them and weigh them. We recognize 
the alpha particle a helium nu 
The beta rays turn out to be elect 
and the gamma rays are but 
quanta of very high frequency. 
Considerations based on wave 
chanics lead us to look upon the wa 
of nuclei as high potential barriers 
charged particle within these walls 1 


mally dves not have sufficient energy ' 
surmount them, but there is a sma 


probability that now and then such 
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may right through the 
wall, by means of a window if you like, 
without loss of energy. Careful 
surements made of the speeds of alpha 
the heavier of the 
ejected, show that the speeds of the par- 
ticles coming from any one element are 


=o 
particie 


pass 
mea- 


pieces 


calae 
particies, 


as a rule identical. In some cases, how- 
ever, groups of particles with different 
velocities are found, indicating that 
these came from different potential lev- 
els in the nucleus. This view that there 
are definite potential levels, within the 
nucleus as well as on the outside of it, is 
strengthened by the observation that in 
these eases gamma rays are found with 
energies corresponding to the differences 
between the kinetic energies of the 
alpha particles coming from the same 
element. The conclusion drawn is that 
when an alpha particle falls from one 
potential level to another within the 
nucleus the potential energy lost ap- 
pears in the form of a radiation quan- 
tum having this particular amount of 
Conversely, it has been found 
possible, by bombarding some nuclei 
with energetic y rays from another sub- 
stance, to raise some of the alpha par- 
ticles within them to higher potential 
levels, as is evidenced by the increased 
speeds they possess when they get out of 
an atom under these circumstances. 

The recital thus far has had to do 
with the nuclei of radioactive substances 
and we have learned that helium nuclei 
and electrons are contained in these 
nuclei and that the helium nuclei are at 
times found in different energy levels 
differing by definite quanta. 

A new stage in the study of the nu- 
was reached when Rutherford 
bombarded the nuclei of ordinary, non- 
radioactive elements with alpha par- 
ticles and succeeded in ejecting from 
some of them high speed hydrogen nu- 
clei or protons, as they are now called. 
To this third component of atomic nu- 
clei there has recently been added a 


energy. 


cleus 


lastly a 


The 


discovery, 


nithn. rourtna 


order of 


fourth and 
component, in 
obtained by 


was 


. ney 
‘ : 
elements ilke 


bombarding 
beryllium and boron with alpha 
ticles. This new entity is quite unlike 
the other three in that it carries 
rdingly 


sultant char It is ace 


‘ge. 
The 


a neutron. mass obtained 
sely to that 
this 


studied 


corresponds very el 
proton. The properties of 
particle are now 


hew 
being inten- 
sively in many laboratories throughout 
the world, and it is hoped that its real 
nature may soon be disclosed. Since the 
mass of the neutron is approximately 
that of a proton, two theories proposed 
for the structure of the neutron both 
consider it to be a close union of a pro- 
ton and an electron. According to one 
theory the proton and electron are held 
firmly together side by side. According 
to the other theory the proton is located 
at the center of the electron, being com- 
pletely surrounded by the latter. <A 
third more revolutionary theory consid- 
ers the neutron to be a new elementary 
particle, in no way related to a proton. 
Experiments now being carried out on 
collisions of neutrons with protons ap- 
pear to favor the last theory. Should 
this conclusion prove correct we may 
possibly be faced by the problem of a 
new kind of force not now recognized. 
The neutron, because of its uncharged 
condition, has the power to pass readily 
through large thicknesses of matter. Its 
course is only affected by a direct col- 
lision with the nucleus of atom. 
During such an impact the neutron may 
be captured by this nucleus, become in- 
corporated in it and either form one 
atom of a heavier element or after sub- 
division birth to different 
atoms. 

The fifth and last particle to be dis- 
covered is the positron. 


some 


vive two 


This particle 
has the same mass as an electron but it 
carries a positive charge instead of a 
negative one. The properties of the two 
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may well be almost identical. Some 
positrons have been obtained by sub- 
jecting atoms to gamma radiation from 
radium. Others, some with energies as 
high as 800,000,000 electron volts, either 
came to us directly from outer space or 
are ejected from atoms by the action of 
the so-called cosmic rays. 

The experiments on nuclear disrup- 
tion naturally present difficulties. The 
nucleus is not only a very small object 
to shoot at, but we do not even know 
where it is. We are somewhat in the 
position of a hunter who fires into the 
sky on a dark night and hopes to bring 
down a goose. The only hope of success 
lies in shooting continuously for a long 
time with many bullets and trusting 
that one of them may find its mark. 

Until recently the most energetic pro- 
jectiles at our command have been alpha 
particles. Their energy is represented 
by several million electron volts. By 
their use we have succeeded in knocking 
various particles out of the nuclei of 
some of the atoms. Where we have 
failed, it is possible that the nuclei may 
possess these same or have other par- 
ticles so firmly lodged that our projec- 
tiles have not been powerful enough to 
break them away. To overcome this 
difficulty artificial gums have already 
been constructed and others are being 
perfected capable of giving us projec- 
tiles even more energetic than alpha 
particles and many, many times more 
numerous. No such stupendous physical 
apparatus has ever been assembled pre- 
viously. At one university immense 
spheres 15 feet in diameter, supported 
by pillars 24 feet high, form a part of 
the equipment. In other laboratories 
gigantic magnets of great weight have 
been built. At other places powerful 
but less spectacular apparatus is being 
constructed and pressed into service. 
No attack so formidable as this has ever 
been directed against a physical prob- 
lem. 


The purpose of all these great e) 
is to give electrified particles 
dous velocities and then to hurl they 
great number against the nuclei of ys 
ous elements with the hope of shatter; 
these nuclei more completely than has 
yet been found possible. It may we 
urged that our method for investio 
the machinery of a nucleus is a 
erude one; that if we wished to 
how a delicate watch works we y 
not put it on an anvil and hit it y 
hammer. However, we have no alten 
tive. No one has yet improved on ; 
ballistic method of getting the meat 
of a hard nut. 

With the new equipment alread; 
use a number of nuclei have been s 
tered, some by use of protons hay 
energies of but a few hundred thousa: 
electron volts. As yet no new types 
particles have been obtained, alth 
our knowledge regarding several nu 
has been extended. However, the batt 
has searcely begun. 

It must be remembered that owing t 
their scarcity it is no easy matter t 
detect and recognize fragments of nu- 
clei even after they have been dislodged 
Unless a fragment flies off with so | 
a velocity that we may see the havoc it 
creates among molecules along its pat 
we are lost. As larger and larger pieces 
are dislodged the difficulty of giving 
them sufficient velocities to enable us t 
measure their masses becomes more a! 
more formidable. 

Composite portions of a nucleus wh 
fly off as one piece are naturally held 
together by stronger bonds than 
bonds which hold these parts to th 
other constituents of the nucleus. 
knowledge of what parts cling together 
most strongly and of the energies neces- 
sary to dislodge them gives us som 
basis for computing the nature of t 
forces active within the nucleus. The 
helium nucleus or alpha particle is 
constituent of many nuclei because it is 
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chly stable unit. The more ele- 


ntarv particles composing it are held 


ether so closely that its energy con- 
is relatively small, as is indicated 
its mass defect, or as this quantity 
previously ealled its packing effect, 
ing unusually high. There is an ex- 
nectation that particles of half the mass 
of an alpha particle may be separated 
f the nuclei of some of the elements. 
particles would correspond to the 

lei of the heavier isotope of hydro- 
recently discovered. Rutherford 

ys expressed the opinion that we may 
find a neutral particle of twice the mass 
neutron. An important question 
to settle is why atoms whose weights are 
certain multiples of the proton, for ex- 
3, 5, 8 and so on, are never found 
Why are these combinations 


or the 


7 
ample, 
in nature. 
so unstable? 


When we shall have assembled 


better | 


the w 


pieces we shall be in a 
beginning 
fitting them toget] 


than now for 
ier so that we m 
the pictures that the different 
present. 
nuclei are all 


Even after the par 
and 
may still be confronted with unknown 


of the force: hat hold these 


known 


aspects 
parts together. 

The known problems to be solved are 
still many, and their solution is almost 
certain to disclose other and more diffi- 
cult problems. We do not shirk the 
task. We are embarked upon a journey 
that knows no end. We are climbing a 
mountain that has no top. We do not 
understand the urge that drives us on 
Sufficient for us are the new glimpses of 
nature’s panorama that 
step reveals. 


each forward 
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By Dr. G. T. W. PATRICK 


PROFESSOR OF PHILOSOPHY, EMERITUS, STATE UNIVERSITY OF IOWA 


SOME years ago when the suggestion 
was made at a meeting of the British 
Association for the Advancement of Sci- 
ence that science should take a ten-year 
holiday, it was received with a smile of 
indulgence. Since that time, however, 
there have been recurring expressions of 
the view that scientific effort should now 
be turned in other directions than the 
furthering of our knowledge of our 
physical environment and our control 
over it. Professor Millikan, in his chap- 
ter on the ‘‘Alleged Sins of Science,’’ 
has attempted an answer to these de- 
mands, an answer not wholly convincing. 
Mr. Julian Huxley, in the course of 
a lecture at Stanford University, said 
that one of the next duties of science is 
to study social life, into the general field 
of which it has not far advanced. 

In the present article, I wish to call 
attention to certain remarkable social 
changes which seem to point to the abso- 
lute necessity of turning a larger part 
of the tremendous intellectual power ex- 
hibited in scientific thought and research 
into social and ethical fields, if our west- 
ern civilization is not continuously to 
decline. It should be remembered that 
the trite phrase ‘‘downfall of our civili- 
zation’’ does not mean any romantic 
cataclysm of war or revolution, but the 
steady decline of our standard of living; 
at the worst it means dirt, disease and 
misery. It is not pleasant to recall that 
in the study of ancient cultures we have 
to dig down through successive layers of 
dirt. 

Of the social changes to which I have 
just referred, probably the most sig- 
nificant are these three—our superabun- 
dant food supply, our increasing leisure 
and our shifting standards of behavior. 


344 


When the ** prosperity ’”’ for which \ 
all praying comes, we shall have t 
these problems, and we can not d 
without scientific knowledge of thei: 
terrelations. We shall have to ask 
these changes are going to affect the r 
prosperity of our children, their cl 
and grandchildren. Our interests 
almost wholly with economic questi 
with the return of good times, with w 


mill and factory. We have little con 
with the to-morrow of our children. 

The forgotten man is evidently 
man of the to-morrow. Though we m 
not be interested in any astronomi 
future of our race, nor in theories « 
decadent civilization, we are surely int 
ested in the to-morrow of our children; 
and sometimes it may occur to us 
wonder how their future will be affect 
by our behavior in the prosperous times 
which we hope will soon return. 

It is just this matter of behavior w! 
is the neglected factor in all our pla: 
for national prosperity; for it may turn 
out that in human behavior we shal] fi 
not only the key to the welfare of su 
ceeding generations, but also the caus 
of most of our own troubles. Withi: 
the period since the world war 
might almost say within the last fiv 
years—certain strange things have hap- 
pened which disturb all our old social 
views, and may perhaps force us to r 
vise all the old theories of progress. 

But let us go back of this for 
moment. It has generally been accepted 
that there are four conditions of humar 
happiness and social progress, and four 
only. These are: (1) An abundant food 
supply—abundant and continuous; (2 
a favorable climate, including freedom 
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m destructive floods, storms and earth- 
rakes; (3) a reasonably stable and 
ficent government, insuring indi- 
vidual liberty and opportunity; (4 

edom from disturbing wars and 


reign invasion. Give us jobs, good 


wages and economic justice ; give us good 
government and opportunity; give us 
reedom from war and oppression, and 

shall be happy—and well-behaved. 

If all this be true and if these be the 

ur conditions of prosperity, then the 

itlook for the future in America is 
most alluring, since it appears that all 
these conditions are to be abundantly 
fulfilled. 

Of the four conditions, that of food 

pply has always been considered 
primary. When it fails, primitive people 
move to other fields or perish from star- 
vation. The English economists pre- 
dicted disaster for mankind because of 
the basic law of the rapid increase of 
population and the slow increase in the 
food supply. But now it appears that 
ill this is changed. Malthus got his 
terms mixed. It is the food supply that 
inereases by leaps and bounds, while 
populations increase slowly or not at all. 
Science has learned how to increase the 
fertility of the soil and to decrease the 
fertility of people. With amazement or 
even with alarm, we have witnessed in 
the last few years the accumulating sup- 
ply of superabundant food. Science has 
discovered new varieties of wheat suit- 
able for more northern climates. It has 
invented machines, simplifying the prep- 
aration of the soil and the harvesting of 
the grain. It has discovered new sources 
of fertilizers for impoverished soils and 
new methods of irrigation for rich desert 
lands. It has discovered new means for 
combating insect pests which threaten 
agricultural products. Famine, that 
ancient and persistent enemy of progress, 
is yielding to the advances of scientific 
study and experimentation. 

But while food was the all-important 
thing among earlier people, it is now just 


one of many things which we consider 
necessary for our happiness and well 
being. We want good clothes, good 
houses, bathrooms, public and private 
Sanitation, public and private electric 
lights, pure running water, furnace heat, 
motor cars, radios, medicines, cosmetics, 
cigarettes, newspapers, books, magazines 
and a host of other things. Perhaps 
these will fail in the to-morrow of our 
children and their children. But no, it 
appears that there is to be no 

of any of these things, whether of manu 
factured articles, raw material or nat 
ural products. Already we have fac 
tories and skilled labor for supplying not 
only our own people but many others 
with manufactured goods of every kind. 
And an army of technicians awaits our 
eall for still other articles of production 
and for means of supplying them. 

The second condition of human happi 
ness, namely, favorable climate, need 
cause us no concern. Nineteenth cen- 
tury fears of a gradually freezing planet 
with visions of the last forlorn inhabi- 
tant shivering over a pile of dying em- 
bers have vanished with our new astro- 
nomical knowledge, and we are now as- 
sured that Mother Earth will offer a gen- 
ial climate, well fitted for human happi- 
ness, for at least a million years. ‘‘ Fair 
and mild’’ is the weather forecast for the 
next few hundred thousand years. 
Earthquakes will occur more rarely, and 
storms will gradually become less de- 
structive. 

But what about our’ third condition of 
welfare, that of a reasonably stable and 
beneficent government, guaranteeing 
protection, freedom and opportunity to 
all the people? Here again the future is 
bright with promise. All the tendencies 
of our modern era are steadily in the 
direction of greater political stability 
and the increased beneficence of govern- 
ments. National boundaries become 
more and more sacred, and international 
relations are determined more and more 
by reason and justice, and less by mili- 
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tary force and oppression. Even when 
a far distant oriental nation ventures 
with its armies across the boundary line 
of another people, the protests of all 
civilized nations as well as those of many 
of its own people are heard around the 
world. Relations also with colonial pos- 
sessions are more and more governed by 
motives of benevolent service, and less by 
those of commercial and industrial ex- 
ploitation. 

Neither can we doubt the beneficence 
of the political state of the future. 
Revolutions will occur, as they are occur- 
ring now, and in times of economic de- 
pression they may multiply; but they 
tend more and more to be bloodless, and 
the daily routine of the people goes on 
much as before. A labor government 
comes into power in England, and no 
great change takes place in the relations 
of the people to the government. In 
Fascist Italy, in republican France, in 
imperial Britain, in democratic Amer- 
ica, there continue to be public schools, 
public libraries, public care for the help- 
less, the sick, the insane and the feeble- 
minded, state inspection of foods, pure 
food and drug laws, sanitary regulations, 
the education and protection of children, 
increasing rights and privileges of wo- 
men, safeguarding of the rights and 
wages of workers, efficient police protec- 
tion, convenient postal and telegraph 
systems, improved public highways and 
airways, various forms of social insur- 
ance, state regulation of systems of 
transportation, and so on through the 
long list. These are merely illustrations 
of a public beneficence with which we 
have become so familiar that we take it 
all for granted. No government would 
long endure that does not provide such 
things. Governments are becoming more 
and more efficient, and government is be- 
coming more and more an exact science. 

In the America of to-morrow, as in 
other states of the western world, we 
ean not doubt that these and many other 
forms of public beneficence will be pres- 


ent. Experiments in the form of 
ernment there will no doubt be 
talism, collectivism, socialism, 
ably even Fascism or communis 
be tried; but the state will go « 
there will continue to be colleges, y 
sities, free public parks, art galleries 
museums. We shall still be able t 
our letters across the continent or t 
eign countries for a few pennies. 
will still be telephonic communi 
around the world, and we ean sti! 
comfortably and safely by water, ra 
air. For the government of thé 
then, we may confidently predict 
stability and beneficence, and an ine: 
ing degree of each. 

Now what of the fourth conditi 
human happiness and social welfar 
namely, freedom from war and from { 
eign oppression? Here also we maj 
to the future with hope and confid 
not only in America, where confidence 
the greatest, but throughout the wor 
An increasing number of men and 
men of every land are becoming 
scious of the hopeless futility of 
They are beginning to understand 
frightful cost, financial, economic, p 


eal, social, biological and moral, and its 


monstrous waste. It is this wide-spr 
growing consciousness of the iniq 


and uselessness of war which from ge: 
eration to generation will lessen its fre- 


quency. Furthermore, a wholly : 
and powerful motive toward the ma 
tenance of peace has arisen. The int 
ests of the western world have beco! 


primarily commercial, financial, indus- 


trial and economic, and secondarily | 
litical; and all these new interests ha‘ 
taken on intricate international : 
tions, into which war enters as a f 


+ 


disturbing factor. Finally, war itsel! 


has been made somewhat ridicu! 
owing to the leading réle which the mo" 
ing picture industry and the fevers 
news service industry now take in 


actual drama of war. When battles be- 


gin to be filmed, they will soon cease t 





com 
tion 


und 


five 
and 
mus 
aco 
like 
T 
wit] 
and 
pro: 
sely 


THE NEW BURDEN ON BEHAVIOR 


Wars no doubt there will 


but they will steadily become 


The 


requent and less important. 


vy of nations in the future will be 
mined not by war but by the in- 


sturdiness and discipline of the 


ppears, then, that the four tradi- 

conditions of prosperity will be 
lantly fulfilled in the to-morrow of 
children. There will be a more than 

suate food supply, even for increas- 

r populations. There will be favoring 
‘imate, stable and generous govern- 
ments and a growing freedom from dev- 
astating wars. 

And yet few writers in any field of 
physical or social science, literature, art, 
or philosophy venture to predict for the 
future any degree of social welfare or 
human happiness commensurate with our 
wealth and our opportunities, while pre- 
dictions of a complete collapse of our 
western civilization are many and por- 
tending. 

How shall we explain this strange sit- 
uation? The explanation is not far to 
seek. It is because in our modern com- 
plex society there is another condition 
of prosperity and happiness than plenti- 
ful food, manufactured goods, friendly 
climate, good government and peace 
among nations, and this other condition 
is human behavior; and, owing to the 
complex character of our present civiliza- 
tion, and the new and crowded relations 
under which we live, this new condition 
of prosperity has become supreme and 
overshadowing. The old ery of the peo- 
ple, ‘‘Give us jobs, give us peace, and 
give us the right kind of government, 
and we shall be prosperous and happy,”’ 
must in the future be supplemented by 
a conditional clause—provided we behave 
like human beings. 

The old idea that crime will disappear 
with the advent of the full dinner pail 
and that with the coming of economic 
prosperity, the people will devote them- 
selves with industry and sobriety to 


honest toil, spending their le 


in creative art 
been 


isure hou 
and in innocent am 


ments, has long since discredit 
In those overflowing years preceding 
great depression, we had jobs, we had 
money, we had peace with other nations, 
and we had a stable and beneficent gov- 
ernment, but our jails and prisons were 
crowded , 


organized crime began in our cities. 


; 


and the era of 


gangsters and 

That the sorrows and sufferings which 
in earlier followed 
famine and flood, war and invasion, and 
the ruling 
tyrannical governments, are due in our 
modern human 
and to human folly and incompetence is 
apparent as soon as we begin to reflect 
upon it. Our thought naturally turns 
first to the depression, and the catalogue 
of its causes is gradually taking form. 
But whether these causes are to be found 
in our imperfect economic organization, 
our fanatical neglect of rational 
adjustment between production, distribu- 
tion and consumption, our wasteful com- 
petition, our unorganized individualism, 
our reckless and greedy speculation, our 
thoughtless enlargement of industrial 
and commercial enterprises, our popular 
extravagance and waste, foolish 
misuse of instalment buying and selling, 
or finally in our artificial restriction 
upon international trade through unwise 
tariffs and the overturning of normal 
trade relations by the post-war system of 
reparations and war debts, it is evident 
that it all comes back to somebody’s mis- 
management, incompetence, folly or mis- 
behavior. 

Or, if we choose, however wrongly, to 
trace the whole trouble back to the war, 
the war itself was a gigantic misadven- 
ture, having its roots in foolish inter- 
national rivalry and jealousy. We are 
coming now to regard the world war as 
a series of fatal blunders, of which the 
Treaty of Versailles was the crowning 
example, unless we except the failure of 
the United States to assume at that time 


communities trom 


oppression ot classes and 


society to misbehavior 


any 


our 
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the generous leadership, political, eco- imposed temperance. If the law 
nomic and moral, which was within its bad one, we did wrong in making it 
grasp. it was a good one, we did wrong in br 
I have taken the economic depression ing it. The spectacle, at any rate 
as an illustration of the fact that in this great nation quarreling over the 
modern era our many ills are due to our’ centage of alcohol which it can 
many errors. But any other illustration its drink, at a time when really ser 
would have done as well. If, for in- and fateful economic and political 
stance, we try to discover the ultimate’ lems are before it, is certainly not ¢ 


. 


sources of the crime wave with its or- ing. It is ludicrous and humiliat 
ganized banditry, its bootlegging, rack- and makes us appear like a nat 
eteering and kidnapping, we come back children. 

2 > > rr 4 4 » } 
always to some form of human greed, The recent rapid increase of diy 


corruption or incompetence, or to some the threatened disintegration ot 
form of physical or mental defect. The home, the emphasis of sex in pre 
story is the same, whether we trace our day fiction and the moving pictures b 
crime to delay in the administration of the advent of ‘‘easy standards’’ among groups 
our criminal laws or to our dilatory both young and old are all deeply sig modert 
courts, our weak juries, our corrupt offi- nificant social changes, placing a new flective 
cials, or our venal politicians. burden upon behavior as it relates to t issues 
In many cases, we find the source of future health and happiness of our lecisi 
crime in the behavior of fathers and dren and to the endurance of a stro: 
mothers, leading to the birth of children and virile nation. 
with abnormal brain patterns or The front-page headlines of a met: 
glandular deficiency. Possibly slenderiz- politan newspaper announce that a ¢ 
ing fashions, high-heeled shoes, immod- brated tennis queen lauds woman 
erate or indecent dancing, cigarettes and breaks conventions, and an advertis 
cocktails on the part of mothers may ment in one of our standard mont 
have something to do with bad behavior magazines praises a new book as 
on the part of sons and daughters. exquisite story of love transcending 
Possibly, indeed, we should go still conventions’’ and breaking throug! 
further back in our search for the cause barriers of false morality. This is ‘‘t 
of crime and find some of it in human new freedom for women.”’ 
interference with Nature’s selective The increasing cigarette habit ma) 
method of breeding a hearty and healthy may not be for the nation’s hurt, but that, 
race. We tremble for the nation’s fu- it indicates a serious social change; and been 
ture when we are told, for instance, when the publisher of a widely circulat sciene 
that every second bed in our thousands ing magazine must decide whether tween 
of hospitals is occupied by a person hav- piness 
ing some form of nervous or mental de- cept a highly illumined and seduct exact 
fect. advertisement of smokes for women, his havior 
Just now it is the fashion to place the decision is of great social import. of the 
blame for our crime wave upon our These instances I mention not to pass astron 
prohibitory laws. But in any case it judgment upon conduct or customs, but chemi 
would go back to the lawmakers or the as an illustration of the burden of s be ele 
lawbreakers. Somebody went wrong, responsibility which rests upon edito! havio1 
whether we put the blame on unwise publishers, picture producers and writ forms 
legislation or on wilful disobedience to ers of fiction. The social responsibilit; r to 
law or on mass emotion and hysteria of of the teachers in our schools has alwa; but s 
a fickle people, soon tiring of their self- been recognized; but the change ha: is ne 
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so sudden that we fail to compre- 
end to what extent the education of the 
voung is now in the hands, not of our 
schools, but of the daily and monthly 
the news stand, the circulating 


ibrary, the moving pictures and the 


ress, 


radalo. 

In former times there was no suc] 

urden upon individual behavior and 
no such responsibility resting upon those 
holding positions of influence, since con- 
luct was regulated by custom. Those 
social groups whose customs did not have 
a favorable balance of survival value 
perished or were reduced to slavery in 
the fierce struggle with other hostile 
groups or with the forces of nature. In 
modern times behavior has become re- 
flective rather than customary, and great 
issues depend upon the reflection and 
lecision of the individual. If behavior 
should neither reflective nor 
‘eustomary,’’ but impulsive, organized 
society would be near its end. 

Sinee then the happiness and pros- 
perity of ourselves and our children de- 
pend not upon the mood of Nature, or 
our physical environment, but upon hu- 
man behavior and our environ- 
ment, it becomes of supreme interest to 
inquire what equipment the man of the 
present has for bearing this new burden. 

A candid answer to this question re- 
veals a strange situation. It appears 
that, although every other science has 
been developed to a high degree, the 
science dealing with the relation be- 
tween human behavior and human hap- 
piness is in its infancy. We have no 
exact scientific knowledge of good be- 
havior comparable with our knowledge 
of the physical world possessed by our 
astronomers, physicists, physiologists and 
And in this connection let it 
be clearly understood that by good be- 
havior we do not mean that which con- 
forms to any ancient code of conduct 
or to any moral tradition, 
but solely that kind of behavior which 
is necessary for human happiness and 


beec me 


social 


chemists. 


custom or 


social health, both 
coming generations 
In the field of behavior 
is fragmentary and chaotic, a1 
tude 


wholly 


toward such probiems 
Irom our fine conhdence whi 


face the problems of science, even 


of the most abstract and difficult 


such as the theory of relativity or th 


nature of space; and we have no con 


pany of great minds and distinguished 
scientific men working upon the problem 


of behavior, and no great public 


tan + 
, sy 
LLILELT Ost 


to inspire the search and reward the 
solution. 
interest in dispelling our 
the interior of the Antarctic 
than in solving the problems of 


There is probably more public 
ignorance of 
continent 
human 


and 


behavior as it relates to the health 


our children; and our 


happiness of 


a} 
question is better than for solving th 


reoor 


equipment for answering the 


social one. And yet unless we can solve 
this social problem, our whole wonderful 
and really great civilization is in peril. 

Nothing could be more fraught with 
danger than the confusion and bewilder- 
ment which minds of 


people, both young and old, about 


exist in the our 


such 
questions as the position of divorce in 
a healthy social group, the relation of 
the sexes both before and after marriage, 
the effects upon racial health of the con 
use of alcohol and 


stantly increasing 


tobacco, the limitation of 


desires VeETsUusS 


increase of production, the social ad 


vantage of saving versus spending, th: 
relative value of self-expression versus 
self-control, the 


our writers of fiction and of publishers, 


social responsibility ol 
editors and producers of pictures, the 
health and the 


There is not 


conservation of racial 
practice of birth control. 


4 


only no code of behavior in respect to 


; 


these various issues but there is no exac 
knowledge regarding them, and no fact- 
finding commission them, 


and no plank concerning them in the 


investigating 


s° 


platform of either of our great political 


parties. 
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Furthermore, as our civilization be- 
comes complex and our communities 
crowded, a new burden is placed upon all 
the old virtues which experience has 
found to be necessary to communal liv- 
ing, such as respect for life and prop- 
erty, the sanctity of marriage and the 
home, justice, honesty, veracity, fair 
play, temperance, cleanliness and 
chastity. Civil law can attempt only a 
partial regulation of these and only in 
eases of serious violation. For the rest 
we depend upon ancient codes of con- 
duct, tables of commandments, custom, 
public opinion and religious authority; 
and something very near to chaos exists 
today, not only in respect to the validity 
of these codes, but also in respect to 
the sanctions for them; and we are 
without scientific guidance in this mat- 
ter. These ancient codes have come 
down to us by social inheritance and are 
unsifted and unverified. We demand 
to know whence they come and what 
their credentials are. 

Divine authority has often been 
claimed for the traditional codes of be- 
havior, possibly, we mistrust, by zealous 
though not quite truthful priests and 
prophets of religion. But we demand to 
know whether God has indeed ordained 
them; and, anyway, we wonder what 
kind of laws would be made by an all- 
wise legislator, legislating for a machine 
age like ours, with its congested cities, 
its complexities of industry, finance and 
international relations, its conflicts be- 
tween labor and capital, its increasing 
longevity and decreasing fertility, its 
revolutionized position of women, its un- 
happy gap between the age of puberty 
and the age of marriage, its craving for 
sedatives such as alcohol and tobacco, its 
abundance of leisure, its new scale of 
values in an age of sports and recrea- 
tions, and its new and _ bewildering 
Freudian psychology. 

It is partly our prevailing skepticism 
and partly our feeling that the tra- 
ditional laws of behavior are not adapted 


to our new age that has east 

of doubt upon all the ancient 
But the fatal result has been that 
carding the rules that were bad, 
rejected those that were good. 
danger, indeed, that we may rej 
that are vital to all social living 
that have through all the centuries 
out of the hard experience 
groups. 

And we have no Five Year P 
establishing a national code of 
which shall separate the true 
false in the old conventions; n 
we any such plan for adapting by s 
tific examination the ancient ¢ 
modern conditions. We have 
ing commissions to report on 
nomic and financial problems of 
but no such commissions or 
councils or committee of expert 
termine which of the old rules 
havior were just taboos or silly 
tions and which are vital conditi 
social survival. 

The solution of this whole 
problem seems to lie in giving 
direction to both theoretical and a; 
science. Whether the spirit of 
will change in time to effect 
direction is a question which no « 
now answer. Science has surroun 
with comforts and convenience 
creased our life span and chang: 
daily habits; it is now time to stud 
behavior in this new environment 
have plenty of gadgets of all ki 
dealing with the material world: 
our equipment for successful com: 
living is out of date. We need a ge! 
like Einstein to tell us not any 
about space and gravity, but how 
have in this new and perplexing 
—and why. 

Our most pressing need to-day 


new set of ideal behavior patter: 


Those that we have were adapt 


sparsely inhabited agrarian communit 
They are now as much out of date a 


tallow candle for lighting our hon 
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rse and buggy to carry us to the 
Science has given us electric lights 
d motor cars; now let it give us a new 
st of behavior patterns. If it is replied 
that the task we propose is beyond the 
ver of all organized effort and beyond 
wisdom of all our wisest men, it 
must be remembered that this is what 
has been said concerning most of the 
miraculous achievements of modern sci- 
In fact, we are turning more and more 
to the experts in all fields of endeavor, 
r instance, in the field of government. 
Even if our members of Congress should 
chosen because of their intellectual 
power, they could not solve the complex 
problems of government to-day. We de- 
pend more and more on commissions of 
experts in the several fields. Ignorant 
audiences applaud satirical jibes at gov- 
ernment by commissions and approve of 
proposals to abolish them and balance 
the budget; but we need more of such 
ommissions—not fewer. We need men 
who know. We need them for economic 
planning; we need them still more for 
social planning. Plato explained all this 
to us more than two thousand years ago, 
but we have learned his lesson poorly. 
Of course, there is that other age-old 
problem concerning the forces or sane- 
tions which society can bring to bear 
upon individuals to ensure obedience to 
ideal codes of behavior, but it is 
feetly obvious that the first step in this 
direction is the authoritative establish- 
ment of such codes, and the authority of 
science is the one thing which the mod- 
ern man still respects. The forces of 
social control which have been effective 
during the history of mankind are cus- 
tom, publie opinion, religious authority 
and the authority of the state or its 
representative. But the commanding 
foree of both custom and religion has 
become greatly lessened. We demand to 
know their credentials. And as for the 
authority of the state, our late expe- 


per- 


rience with prohi 
us the difficulty 
the people 
The people themselves demand 


see 


which 
the reason for the law. 
In former times it was enough to ] 

that God had said Thou shalt, or 

shalt not. Again it was enough to know 
that the chief or king had issu¢ 
mand. And again through all 
it was enough to know that it 


id a com- 


fathers or of 01 

have changed. 
And 

to show us. 


custom of our 
But 
want to be shown. 
only authority left 

But if we are shown, will we obey? or 


bors. times 


science 18 


have we become essentially a lawless 


people? If any one thinks that we are 
not a law-abiding people when we can 
see the purpose of a law, let him study 
Let him take his 
crossing or one ¢ 

our great motor highways. Probably no 
officer is in sight, but hour after hour, 
day and night, the drivers, with machine- 
like regularity, bring their speeding cars 


agvaln 


our traffic regulations. 
stand at some busy 


to a stop before the red light and 
move on with decorous precision at the 
flashing of the 


4 ‘ y 


and they praté 


rreen ; 


inquisitorial 


not of personal liberty or 


laws or the right to recvuiate t] elr own 
ir own view The 


And 


for this docile obedience is 


cars according to the 
stop when the signals say ‘‘Stop.’”’ 
the reason 
clear. We love to drive our cars, and 
us can see that the 
end 


even the dumbest of 
traffic laws are necessary to that 
The penalties are swift and certain, and 
public opinion supports the regulations 

It is not alone in the case of traffic 
rules that we are a law-abiding, humble 
and decorous people. Similar discipline 
is seen in the eonduct of our sports, of 
our large 
transportation service, and in 
other fields. But in all these faithfully 
rules and regulations there is 


commercial houses, of our 


many 


observed 
one clear and definite end, namely, that 
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we may carry on in the pursuits in which 


we are vitally concerned—in industry 


and commerce, in sports and recreation. 

In the case of laws or social customs 
which relate not to our immediate in- 
terests but to the conservation of social 
or racial values, such as the health and 
happiness of our children and the in- 
tegrity and stability of our nation, it is 
difficult to mobilize public opinion in 
enforcing laws or conserving customs. 
To take a single instance, it may well be 
and probably is true that the social and 
racial damage done by the use of alcohol 
is almost infinitely greater than any in- 
jury done to life or property resulting 
from the infraction of our traffic laws. 
But we do not know this to be true, al- 
though laboratory experiments and the 
experience of social workers seem to con- 
firm it. The question must be passed 
upon by those who know, and by those 


in whose word the people 

fidence. The solution of the wi 
problem seems then to lie in 

scientific inquiry and auth 
when science has spoken, its 
must be made known through 
cational channel, the school, 


press, the radio, the movies and 1 


stand. Whether in a democracy 
customs can be conserved 
passed and enforeed which 1 
future no more distant even 
maturity of our children is 
which only time can answer. 


pose in this paper has been not 


cuss this subject but only to « 
tion to the new and terrific 
which modern society has put 
havior, and to express the b 


this burden can be borne only w 


enormous power of scientific th 
been turned in this direction. 
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THE USES AND LIMITATIONS OF THE 
STATISTICAL METHOD IN THE 
SOCIAL SCIENCES 


By CHARLES A. ELLWOOD 


PROFESSOR OF SOCIOLOGY, 


CONTRARY statements as to the scien- 
tific value of statistical methods and 
quantitative analysis abound in the pres- 
nt-day literature of the social sciences. 
Thus Professor Howard Becker in his 
‘““Svstematic Sociology’’ says that ‘‘soci- 
logical problems are not quantitative 
problems at all.”’ On the other hand, 
in all the theoretical social sciences con- 
siderable schools have arisen of recent 
years which claim that the only way in 
which social studies can be made scien- 
tifie is by the use of the statistical 
method. These social scientists appar- 
ently subscribe to Karl Pearson’s aphor- 
ism that ‘‘science is measurement.’’ 

Now I am not prepared to endorse 
either the dictum of Professor Becker 
r the aphorism of Pearson. 
me that some of the basic problems of 
human society are physical and hence 
susceptible of quantitative statement. 
In such cases quantitative methods 
enable us to state the problem in more 
definite terms, and indicate to us logical 
possibilities. Such, for example, are in 
the main the problems of population. 
But it would also seem to me that science 
can be measurement only when it deals 
with those aspects of reality which are 
subject to quantitative statement, and 
that there is perhaps no greater source 
of confusion in the social sciences at the 
present time than blind adherence to 
such an aphorism as Pearson’s. It 
would seem to me that as we ascend in 
the seale of life the view that science is 
quantitative measurement of objective 
conditions becomes less and less appli- 
cable, not only because measurement 
becomes more difficult, but because the 


It seems to 
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subjective element 
Even if the subject 

of certain measureme! 

is true that wha 

some quantity or 

it is obvious that 

ments play a large part, 
becomes of less Im 
knowledge because 
superficial aspects 

and fails 
process W 


to eX] 


ic] 
This is especially 
sciences and in them measurement seems 
to me to play a role secondary to other 
scientific methods. 

If this is the actual condition 
social sciences, it explains the co 
tory statements regarding the 
measurements which we find in 
day literature. It 
son was thinking of the physical sciences 
when he said that 
ment, and it is probable that those social 
scientists who hold to substantially the 


is obvious that 


science IS measure- 


same view have been unduly influenced 
by the development of methods of mea 
surement in the physical sciences. On 
the other hand, it Pro- 


fessor Becker, in asserting that sociologi- 


is obvious that 


cal problems are not quantitative prob- 
lems at all, is thinking of the systematic 
analysis and classification of social situa- 
tions and processes which must be made 
before statistical measurements 
fruitfully undertaken. 

But the radical reason for opening 
afresh this much-discussed questi 


can be 


and triumph of the cultural conception 
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of the human society. This new concep- 
tion, which was alien to practically all 
social thinking a generation back, puts 
human social behavior in a class by itself 
among objects of scientific investigation ; 
for there is no analogue of human cul- 
ture in the rest of nature. As yet, how- 
ever, those working in the field of social 
sciences have not come to see clearly that 
the value of the statistical method in 
those sciences is necessarily conditioned 


by the nature of human society. If the 


study of culture has revolutionized our 
conceptions of that nature, then it must 
also revolutionize our conceptions of the 
method appropriate to the social sci- 


ences, 

I mean, of course, by ‘‘science’’ theo- 
retical science. The knowledge which 
theoretical science gives us must be of a 
universal character. <A scientific gen- 
eralization is one which will hold any- 
where under given conditions. Scientific 
generalizations in this strict sense rise 
above the temporal and local. They hold 
universally. So great is the stability of 
physical nature that most measurements 
of physical processes under given con- 
ditions do hold universally or nearly so. 
The question is whether such measure- 
ments are possible in human society, and 
if so how far can they go? Is there the 
same fixity or stability in social proc- 
esses, so that measurements once made 
and correlations once established will, 
like those of physical nature, hold uni- 
versally ? 

Now, the cultural conception of human 
society is revolutionary for the social 
sciences just because it emphasizes that 
all our institutions and social 
arrangements are historical, cultural 
products. The social life and the social 
processes of the Eskimo, for example, 
are products of their history—of a 
process of invention, learning and adap- 
tation which began in remote times and 
which has been continually changing 
down to the present. But this is equally 
so of the social life and the social proc- 


social 
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esses of the American people. Ac 
ing to the cultural conception of 
society, human societies are what 
are, not so much through the work 
natural forces as through processes 
invention and learning. The wh 
stitutional and life of a p 
has been produced by learned a 
ments, and, so far as we can see, \ 
subject to indefinite modification 
vention and learning in the 
Therefore, the social phenomena 
we undertake to measure by the st 
eal method are historical products 
much so, for example, as private p1 
erty or democratic government. Sy 
social phenomena are subject to ¢ 
by further invention and learning 
rarely show the stability and 
which we find in physical nature 
other words, social reality is dy: 
while the phenomena which the ph: 
scientist is called upon to deal with ar 
relatively static. 

Now, something of the difficulty of 1 
measurement of social phenomena 
been perceived by our greatest st 
cians. We find Professor G. Ud: 
Yule, for example, saying, ‘‘Statist 
methods should be regarded as anci 


social 


not essential’’ in the social sciences 
take another example, Mr. Malcolm 
Rorty, who was president of the A) 
can Statistical Association in 1930, i: 
address before that body,” demar 
that statisticians be logicians and sc 
tists in the broader sense, and only s 
ondarily users of statistical techniques 
for, he said, all statistical conclusions 
needed to be reached primarily throug 
logical and experimental processes, sup- 
plemented by simple numerical it come 
graphical analysis. He added that t! these f 
verification of conclusions by means 0! eonditi 
controlled statistical methods is ver statisti 
rarely possible in the social sciences, a1 

1 British Journal of Psychology, Vol. 
105. Quoted by Young, ‘‘Social Psychology, 
p. Vii. 

2See Journal of the 
Association, Vol. xxvi, pp. 1-10, March, 1931 
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yned against the assumption that a 
ficient of correlation establishes any 
sumption whatever as to cause and 
‘t relations between social variables. 
us apparently Mr. Rorty would re- 
re logic to the place Sa. 
ientifie methodology. 

t other users of the statistical meth- 


supreme 


1e social sciences are not so care- 
a Apparently many 
hem think that the statistical method 
is capable of giving measurements and 


tl 
+) 
tl 


s 1ese leaders. 


rrelations of universal social validity. 

Thus in the very issue of the Journal of 
the American Statistical 
eh contains Mr. Rorty’s address there 

is an article on ‘*The Influence of Popu- 
ition Density on Crime,’’ by a Cana- 
lian statistician, in which the conclusion 
seems to be reached that there is a 
definite correlation between population 
lensity and crime. If so, it would be 
ird to explain why the crime rate in 

Great Britain is only one tenth that of 
the United States, while the population 
As soon 


Association 


density is many times greater. 
as we understand, however, the differ- 
nees in the historical culture of the two 
peoples, the reasons for the differences in 
rime rate become apparent without the 
statistical measurements. The 
factors which enter into the crime rate 
are quite evidently historical and cul- 
tural conditions and are very variable. 
There is a considerable number of the 
less critical advocates of the statistical 
method who seem to hold that in the 
more fundamental processes of human 
society statistics give measurements and 
correlations of universal validity. For 
example, they seem to think that when 
it comes to certain biological functions 
these functions are the same under all 
conditions of culture. Thus we have the 
statisticians of population laying down 
laws which hold universally for the 
growth of population. They point to the 
logistie curve which population statistics 
follow under certain circum- 
Similarly, we have those who 


use of 


seem tO 


Stances, 


argue that the more fundamental aspects 
of economic life are also the same under 
all conditions of 


economie texts which are filled with sta- 


eulture, and we have 
tistics, graphs and curves which are held 
to be true of human society, if not every- 
where, at least in the long run. 

Now, I am not prepared to say that 
there not and biological 
which hold 


every human society of 


are physical 


; 


conditions universally for 


which we have 
knowledge, and which would, therefore, 
vive universal correlations between these 
If such 


physical facts and social facts 


correlations exist, however, they proba 
bly concern processes which are not dis 
tinctively human, but concern animal 
groups quite as much as human groups. 
But the distinctive 
society, and ordinarily of all that we call 
human, is culture. 


between physical facts and social proe- 


mark of human 


If correlations exist 


esses, they interest us as social scientists 
only in the same way that we are inter- 
ested in physical and biological science 
They 


do not explain the distinctively human 


as a foundation for social science. 


in social processes and conditions. 

Moreover, all 
createst 
tell us, are of doubtful universal valid- 
ity. Thus at one time we thought that a 
definite correlation could be discovered 
between the density of population and 
the death rate; but modern 
inventions are making any such correla 
tion doubtful. Again, the incidence of 
and death 
human societies under different cultural 
conditions that few, if any, correlations 
which will hold universally can be dis- 
covered. Again, we used to think that 
there were very definite 
between the birth rate and economic con- 
ditions. But the discovery and popu- 
larization of methods of birth control 
have made such correlations doubtful, 
because the use of these methods is moti- 
vated by other cultural conditions than 
the economic. It might almost be said 


such correlat ions, the 


statisticians are beginning to 


Sanitary 


disease varies so much in 


correlations 
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that it is doubtful if any correlations of 
universal validity exist in the field of 
vital statistics. Correlations which are 
found seem to have, at most, only a rela- 
tive validity, that is, relative to a given 
culture. But vital statistics represent 
the most physical aspect of the human 
social process; and if universal correla- 
tions can not be found in this field, we 
may doubt if they can be found by means 
of statistical measurements in other 


social science fields. 

Let us use one more illustration to 
make clear the relativity of all statistical 
measurements, if they concern cultural 
appliances and conditions. The illus- 


tration is the mortality statistics of auto- 
mobile accidents issued by the Federal 
Bureau of the Census and other statisti- 
cal agencies. We notice at once that 
these statistics vary greatly from place 
to place, and if we examine them in time, 
from year to year. While certain corre- 
lations are discoverable between automo- 
bile accidents and the number of motor 
ears, the density of the population and 
other conditions, they do not seem to 
hold universally. If, for example, we 
get a correlation between the number of 
accidents and speed in driving, we find 
that such a correlation holds only for a 
given stage of the development of the 
automobile. A new invention may make 
high-speed driving much safer and the 
correlation disappears. Thus, it is safe 
to conclude that statistical measurements 
of human social processes are so affected 
by the development of culture, that they 
hold only for a given time and place, are 
relative to a particular phase of culture, 
and are only indirectly of value for the 
construction of theoretical social science. 

I am not, of course, raising any ques- 
tion as to the practical value of statisti- 
cal measurements for the guidance of 
social action. Just because such mea- 
surements are relative to the place and 
the time in which they are made, they 
are of the greatest practical value. The 
statistical method can, in a word, give 


us two sorts of knowledge 
greatly need for the guidance 
action. Statistical methods, wh 
used, can show us, first, what 
social facts, and, secondly, 
tended in time, what are the 
our society and civilization. 
thus lay a factual foundation 
theorizing and indirectly they 
tribute greatly in this way 
theories which are of universa 
As Professor Yule says they s 
regarded as ancillary, not ess 
the social sciences. They bec 
tial only when we attempt to aj 
social science to the interpret 
present human society. Then 
to know to the fullest extent poss 
the factors which are influencing 
occurrences among us, such as 
deaths, accidents, market prices 
like. It is only statistics whic 
us accurately about movements 
dencies in present-day society 
over, I am inclined to think t 
of the newer methods dev 
statistical science, such as ‘‘samp 
are more valuable for revealing 
tendencies than their critics su 
The ‘‘straw votes’’ undertaken b: 
enterprising periodicals as The I 
Digest have turned out to be sur 
ingly accurate. It would seem 
ean rely upon the method of ‘* 
to discover trends in our civi 
much more than what we had suppos 
But even so, a limitation of tl] 
tical values of statistics comes im: 
ately into view. If statistics can s! 
facts and trends in our present s 
we must remember that these facts 
trends may sometimes be changed 
night by new inventions, new disco 
or a sudden change in the em 
reaction of a population. A fact is 
and temporal and a trend is tem 
Both are limited by conditions of 
and place. A change in culture 
bring a change in the correlations \ 
statistics reveal between local condit! 


Samp 
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mn temporal conditions. The 
‘ation of a fact or the demon- 
f a trend in no way shows what 
table or unchangeable in human 
We doubtless need more 
the 
we shall 


and 

atisties for culdance of 
mn, but 

‘eful, logical interpretation of 


iy 


continue to 


tistics before we make them a 
r practical policies. 
utility of the statistical method in 
‘ial sciences, therefore, turns out 
very much like the utility of the 
tudy method. Both indis- 
for the understanding of our 


are 


isa Vit 


or 
resent civilization and social life, and 


these methods it is needless to say are 
pposed, but supplement each other. 


llowers of the case-study method 
‘ 


iid make a larger use of 
» students of statistics should get 


statist ics, 


u 
to the study of concrete cases. 
methods fit in also with the his- 

| method and supplement it. The 

as surely come for every student 
social sciences to acknowledge that 

nly a composite method, which shall in- 
clude all methods of securing reliable 
10Wl , is an adequate instrument of 
research in the field of the social sci- 
So far from this being generally ac- 
knowledged, however, we find a consider- 
ible school who tell us that only quanti- 
tative methods in the social sciences are 
being called scientific and 
that the social sciences of the future will 
become, if not speedily, then ultimately, 
wholly quantitative. Thus we find one 
writer of this school asserting that ‘‘the 
new content (of the social sciences) will 
ist of the statistically summarized 

of a large number of behavior 
records in all fields of social behavior.’ 
This, is perhaps, an extreme example of 
the attitude of the behaviorist in the 


' > 
"LOY ol 


the scientific 
in any of the 
determined by 
pages devoted 
marized resul 
that these r 
meticulous 
The 


£ 4 hat 
rorgets that 


writer 


from 
LPo!l 


social sciences, 
latest text in social 
science or economics, 
much more largely 
reasoning than of 
marized results.’’ 
reason to believe that 


+} 
p SIT 


+ + 


to be so, if the ns taken in 
paper are sound, in any future devel 
ment of the social sciences which we ¢ 
foresee. 


For, to 


possible to discover 


summarize, it 

in soe 
correlations which are universal, such as 
science in the strict sense demands. The 
social phenomena which we can measure 
by the statistical method are historical 
cultural products which vary indepen- 
dently from day to day and place t 
rightly 


+ 


place. They can, therefore, be 
interpreted only when 

light of cultural and historical develop- 
Statistics 


viewed in the 


ment. are indispensable to 
show existing social 
they are taken in the social sciences as 
and universal correla- 
they lead to grave 


fallacies. 


tendencies: but if 
revealing rigid 
tions, or ‘‘laws,’ 
While we need 


better statistical measurements of social 


sociological 


movements, we need more philosophical 


and historical insight in interpreting 


them. 





PATHOLOGICAL ARSON 


By Professor JOHN H. MAGEE 


DEPARTMENT OF ECONOMICS AND SOCIOLOGY, UNIVERSITY OF MAINE 


THE losses arising out of the destrue- ble impulse to set fires is fam 
tion of property each year by incen- every one. The popular use 
diaries reach figures of staggering pro- word, however, has led to its 
portions. Millions of dollars in values, ment oftentimes where there i: 
that might otherwise be preserved for’ tal aberration, and for that 1 
the benefit of society, are destroyed term ‘‘pathological arson’’ 
through this agency by fire. offered as a substitute for 

Authorities concerned with the inves- motivated fire setting. 
tigation of losses where arson is sus- broader heading we may 
pected are of the opinion that it is the morbid propensities which gi 
tendency to underestimate the extent of pyromania, cases of mental 
incendiary fire losses. It is pointed out feeblemindedness and epilepsy. H 
that when a fire is deliberately set, the defines pathological arson as 
individual responsible sees to it that he setting under an abnormally co: 
does a good job, while accidental fires impulse by a person not dete: 
may be, and often are, checked before insane.’’ 
any serious damage occurs. While 25 If the form of mental ab: 
per cent. of all fires are not due to in- which gives rise to the threat of 
cendiarism, reliable estimates have were easily recognized, then there 
placed the loss due to incendiarism and _ be no problem. It is out of t! 
arson at 25 per cent. of the entire fire of the difficulty that the danger 
loss. Pyromania, for example, is one 

It is ordinarily supposed that the difficulties recognized by the pres 
prime cause of the deliberate destruction persistent ideas. Such troubles | 
of property arises out of the desire to themselves in many different { 
defraud insurance carriers. It is in- idea rises into consciousness, 
deed true that incendiarism made its patient is powerless to overe 
appearance as an instrument for perpe- When the idea forces itself into | 
trating fraud when the insurance idea it crowds out all others and bee 
was in the very process of development. source of great discomfort an 
In fact, the depth of degradation to venience. These forms of m 


which men have stooped to defraud in- turbance may occur in otherw 
°3 tal al 
idea ] ai aon 


however 


surance companies is appalling and _ tally normal persons. Such 
little realized by others than those near be nothing more than a number 
the business. There is, however, a_ tence or the like, forcing its way 
source of incendiarism that involves no the mind of the patient against | 
moral turpitude, may strike anywhere but involving no overt action. 
at any time and spread death and disas- logical tendencies are not at al 
ter in its wake. mon and frequently present themsel\ stance ¢ 
The records are lurid with disastrous in a manner giving rise to no 
fires, deliberately set by individuals consequences. 
affected with a form of mental derange- Closely allied to the derangement . 
ment. The term ‘‘pyromaniac’’ as ap- ing out of the presence of insistent ideas the bui 
plied to those acting under an irresisti- is that involving morbid impulses A yout 


transfer 
for Insa 

The ¢ 
a comm 
inealeul 


ment in 
fessed ] 


4 : 
re 
uLtcS. 4 
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is in which we are here interested. In 
is difficulty the uncontrollable impulse 
do something takes possession of the 
natient’s mind with force and 

that restraint seems impossible. 


such 


Impulses of this type, as soon as they 
year in the consciousness, 
‘mmediately into action. Impulses asso- 
jiated with morbid emotional 
states are termed morbid propensities. 
Here we find pyromania. 

A patient suffering from a morbid 


may pass 


intense 


propensity has an impulse to do a cer- 
tain act. From the point of view of fire- 
tting we get a better understanding of 
e situation when we realize that such 
patient, when acting upon a morbid 
pulse of this type, is not only fully 
onscious of what he is doing, but in 
oftentimes 
pleasure from its accomplishment. 


creat 
The 


number of such morbid propensities is 


1ddition derives 


great, differing widely in their nature 
ind character, some harmless, others a 
menace to life and property. 

The mental attitude of the 
maniac is illustrated by a plea presented 


pyro- 


a judge by an individual on trial for 
Admitting his guilt in setting 
the fire of which he was accused, he 
pleaded that when the impulse to burn 
overcame him, even though he knew it 


arson. 


was wrong, he was powerless to resist. 
The records show that the judge sen- 
tenced the accused to twenty years at 
It must have appeared later, 
however, that the case was one of men- 


Sing Sing. 


tal abnormality, for the accused was 
transferred to the Matteawan Hospital 
for Insane Criminals. 

The damage that a pyromaniac free in 
a community can accomplish is almost 
inealeulable. There is reported an in- 
stance of a member of the fire depart- 
ment in a central Western city who con- 
fessed responsibility for setting twenty 
fires. A nurse in a hospital set fire to 
the building, causing sixty-five deaths. 
A youth in an Eastern state, charged 


with arson, confessed to 


++} ] 
W1tTn iOSSeS 


buildings, 
proximately $170.000 
there 


covering a period 


were over fif 

the buildings were 

from which the oceu 

cued, to save them fror 

twenty of these fires were 

same mentally unbalanced 

A list of examples coul 

interminable length 

Serve as ty pical and 

illustrate both tl 

pyromaniac may 

his apprehension. 
One fall 

covered in a hote 

The 


room, the other in a linen ¢ 


. 
nrst 


city. 


cause of the suspicious nature 


fires state police were called in to 
tigate, and it was soon learne 

had oce 
hotels in cities located near- 
of the 
time the fires occurred there w: 


ilar fires urred 


registers disclosed 


guest present at every fire 
suspicion was directed toward him, 
he was subsequently arrested. During 
the livid 


fessed to setting not 01 


investigation this 


question, but a great many 


other cities and in distant 
check of fifty reported hotel fires showed 


vuest 


that this man was registered as a 


them, and it is possible 


in over half of 
that he may have been the cause of fires 
that gained such headway as to make it 
impossible to determine the origin, as 
well as destroying the records 

Before leaving the case, a word about 
the There 


were no peculiarities reported by the in- 


young man is of interest. 


vestigators that would indicate any. men- 
tal difficulty other than the propensity 
to set fires. He was to all appearances 
normal, able to go about his business and 
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hold his job. A press notice at the time 
of his arrest stated of him: ‘‘He is de- 
scribed as a man of superior education 
and is employed by a reputable Chicago 
firm. It is apparent, the police said, 
that he is suffering from pyromania, and 
he could assign no reason for his acts 
beyond the satisfaction of his desire to 
behold destruction by flames.”’ 

Because the mental illness of the 
pyromaniae manifests itself in no other 
way than through this propensity to set 
fires, such individuals are extremely dif- 
ficult to apprehend. They are often 
possessed of unusual craft and cunning, 
though such individuals are becoming 
better understood through the scientific 
study of psychiatrists and psychologists. 

Certain characteristics of the pyro- 
maniae are worthy of note. He is said 
to be almost certain not to leave the 
scene of the fire he has started, or if he 
does he will just as certainly return, 
because only through watching the fire 
he has set does he derive the satisfaction 
that he craves. Possessing this knowl- 
ledge, investigators have come to watch 
for the pyromaniac among the onlookers 
at the fire. Then there are individuals 
suffering from this difficulty who show a 
tendency to start fires in a certain way 
or in certain circumstances. Such an 
instance was cited in the case of the 
young salesman who started the fires in 
hotel rooms. In an epidemic of tene- 
ment fires a number of them were traced 
to a single individual, who always 
started them in baby carriages left in 
hallways. Others are attracted to 
special type buildings, such as barns, 
schools or churches. 

An unfortunate angle of this problem 
is the frequent failure of authorities to 
recognize the pyromaniac as one men- 
tally ill. When apprehended, these in- 
dividuals frequently are tried in the 
eourts as ordinary criminals and sen- 
tenced to prison terms. There can not 
be the slightest doubt but that such in- 
dividuals should be kept in confinement, 


where they can do no harm. T! 
more reason for punishing 
prison than there is for impr 
others suffering from a different 
mental illness. 

There is evidence, m 
these eases will respond to 
Naturally, the results of suc] 
should be carefully watched, 
dangerous cases not carelessly 
to wreak further damage. V; 
esting is the report of a man 
been committed to prison f 
fire. A cure in his case was 
following his assignment to 
stoking the prison furnace. H 
ease of psychological adapt 
deliberately planned, to be 
none the less effective. 

The fact that a cure was eff 
this way throws additional 
only upon the nature of the d 


but also upon the possibilities 


matic treatment. Psychiatrist: 
recognize that the chronically 
form a comparatively small 
unfortunates. They now know 
quisitely fine are the adjustments 
mental organization, and the eas 
which maladjustment takes plac 
romaniacs fall definitely into 

of the mentally ill, and are there! 
properly to be considered as cri 
and incarcerated solely for punishn 
frightful and cowardly as their 
actually appear. 

Pyromania, however, is by no ! 
the only form of mental difficulty g 
rise to incendiary fires. In the cas 
pyromania, fires are set because 
presence of morbid impulses. Hence 
element of motive as ordinarily ¢ 
ered is entirely lacking. There are 1 
viduals, however, who, lacking in 


acter, are known to react to situat 


that would not cause a reaction in a 


mal person. Likewise, a person suff 
ing from one of the types of meuta! 
difficulty to which the legal term insan 





origin: 
spond 
period 
the gi 
they t 
which 
just { 

Wh 
some, 





nplied may ac motive 


the normal person 


t upon a 
is aeve id of 
* reason. 
es from individuals of this type 
eaused by young men from 
to sixteen. They are charac- 
emotion 
ten have cruel 
n apprehended there is no evidence 


lack of or aitection, 


disposit ions. 


sorrow for their acts, even in cases 
ere is a loss of life of human 

Oo Cases are recorded where boys 

s type burned a barn and sat on 
near by and watched the 
struggles of the animals. Sometimes the 
ividual wishes to appear a hero to the 
mmunity, or more frequently in the 
sof some girl. A case of this kind is 
rded where a youth set fire to the 
urns belonging to the father of his 


weetheart, then seriously injured him- 
self in playing the réle of hero. He was 
ommitted as incurably insane. 

A certain type of the hysterice often 


+or 


resorts to fires as a means of attracting 

ention to themselves. Oftentimes, to 
reate a great excitement, he sets fire to 
some public building, such as a church, 
1 school or other edifice. 
When the fire well he 
breaks into prominence as its discoverer. 
uch an individual courts newspaper 
publicity and poses willingly for the 
Sometimes merely the craving 


important 


is under way, 


S 


press 
for excitement prompts the act, and the 
individual responsible gets his satisfac- 
tion, not, as the pyromaniac, from see- 
ing the flames, but rather from mingling 
in the crowd. This mental type is illus- 
trated by the case of eight members of a 
fire department who were charged with 
originating the fires to which they re- 
sponded. More than forty fires over a 
period of four years were attributed to 
he group. According to the report, 
they took their arrest as a joke and con- 
fessed responsibility for ten of the fires 
which had occurred within a few months 
just preceding. 

When surroundings have become irk- 
individuals lacking in mental 


the 


some, 
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strength have resorted to fire as a n ~ 

. » . . 
or reel Persons unw ! retau 
in institutions have {1 | m, son 
times with the 1dea of creating a co! 
re. ‘ ] 
L110n and escaping, and Sl 
vated by the idea of revenge agains 
society in general, or the institu 

os 
particular. Homesi ss frequ 
¥ he the oc . a fy ' 
nas een the Cause OL Such HUres I 
rnose responsibit ive irequ 
ited great SKlil and cunning 1n neea 
ing their connection with the @ 
Again, there are recorded cases 
] ] ) > ) i’ + + 
the despondent in difficu situa 
have caused fires, as when a dise 
porter set fire to his uniform 

The prob] a 

he probiem IS Importan lO! i 





While 
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LOSSeS 


two reasons. 





‘ 


brunt of the 





nevertheless losses from a social point 





view. What is destroyed is lost forever 






If a study of the pathological types t! 
are responsible for the setting of fires 
will aid in their apprehension and seg 
+5 } it + 1] 
regation, the effort m well wort! 






while from the standpoint of dollars and 







cents. 

But aside from this there is another 
important feature to the problem. Ar- 
son is a serious crime. Under the com- 





mon law it is a felony, and so punish- 
Statute 


definition of arson to 





law has broadened the 





able. 






make 1t more In- 






to emphasize its 


clusive, and continues 






seriousness through its retention among 
the crimes classed as felonies. With the 
increasing knowledge we have in tl 





th the trend 


field of psychology and wi 
toward the utilization of 





this knowledge 








in the field of law, we are learning that 
the actual commission of an act does not 
of itself constitute a crime. In the eases 
of pathological arson it is not easy to 

bil 


decide where the element of respons 





There is no abrupt line 
Justice to the individua 





ity ceases. 






demarcation. 
however, involved in the setting of fires 
where the motive is not clear, demands a 
study of his case in the light of di 
mining his responsibility, before 
placed upon trial for the offense. 
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A POSSIBLE SOLU 


TION OF A MAYAN 


MYSTERY 


By Dr. C. W 


YTHE COOKE 


U. 8. GEOLOGICAL SURVEY 


Tue explorer of an uninhabited land 
is likely to think of the region in which 
he travels as having always been in the 
same condition as that in which he finds 
it. He is likely to take it for granted 
that the same kinds of plants and ani- 
mals have always lived there—the same 
birds of the air, the same beasts of the 
field, the same fishes and the same ubiq- 
uitous insects. He knows, of course, 
that species after species has appeared, 
reached its culmination and become ex- 
tinct; but he assumes that most of the 
changes in fauna and flora took place 
long ago, in the dim geologic past. 

But the earth is not dead or dormant. 


Geologie processes are going on all the 


time that may so alter the physical 
features of a region as to necessitate im- 
portant changes in the distribution of 
the species of plants and animals that 
inhabit it. Most geologic processes act 
very slowly and inconspicuously, but 
their effects are cumulative. Now and 
then there is a critical time when the 
effects become suddenly apparent, just as 
when water, heated slowly, suddenly be- 
gins to boil when its temperature reaches 
the boiling-point. 

Changes in the distribution of plants 
and animals may be brought about by 
geologic processes that act either within 
the earth or on its surface. For in- 
stance, strains and stresses within the 
earth may accumulate quietly until 
something breaks and the strained strata 
readjust themselves, causing an earth- 
quake. Such crustal movements may 
suddenly raise or lower parts of the sur- 


face of the earth, thus interfering 
the long-established drainage ai 
ing the flooding of parts of th: 
the emergence of the bed of 
Thus Reelfoot Lake in Tennessee 
into existence in 1811 as a result 
New Madrid earthquake. 

Also, the normal external pri 
erosion and sedimentation, always 
on, may produce rather rapid changes 
the environment of living organisms 
lake receiving sand or mud from str 
will gradually beeome shallower 
shallower. The silting up may cont 
for centuries without perceptibl; 
ing the kinds of animals or plants 
live around or in it. But in the e 
of time the lake will become so s! 
that plants can take root on its bott 
Some kinds of fishes or mollusks or | 
or insects will be favored by this 
and will multiply; others necessar 
will diminish in numbers. At last, 
storage capacity diminished by silti 
and its loss of water increased by t 
transpiration of plants, the lake is likel) 
to dry up now and then. This chang 
proves fatal to many of its inhabitants, 
and others move away. Finally, 
once open lake becomes a bog or swam] 
or meadow or arid plain, inhabited by a 
group of organisms very different fron 
its original population. 

This is what appears to have happened 
in the Peten district of Guatemala sine 
the Maya Indians founded cities there 
two thousand years ago. To-day the 
ruins of their temples and palaces stand 
on hills of limestone overlooking great 
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ewood swamps or bajos—most uninvit- 

Ing sites for cities. The limestone up- 
nds upon which the Mayan cities were 
are quite habitable except for the 

‘k of water. Like many other lime- 

ne regions they contain few perennial 
streams. Most of the rain-water runs 
nto sink-holes, from which it rapidly 
rains away through underground chan- 
nels. The only drinking water to be had 
is found in depressions in the ground 
at have become floored with an imper- 

Water col- 


(agua- 


S 


vious layer of black mud. 
ects in these natural reservoirs 
das) in the rainy season, but many of 
them dry up completely before the next 
Some of the Mayan cities 
permanent 


rains come. 
are without 
source of water. 

The bajos or logwood swamps appear 
to be large flat-bottomed lake basins 
filled with black clay. Most of the water 
that floods them during the rainy season 
quickly runs off through overflow out- 
lets. For weeks after the flood water has 
receded they are almost impassable be- 
cause of the deep sticky mud that covers 
them everywhere. Later in the year 
they become parched and dry. They are 
densely overgrown by thickets of thorny 
trees festooned with tangled vines. At 
all seasons the bajos are most unpleasant 
places to travel through. It is difficult 
to imagine why the ancient Mayas should 
have built their cities on the banks of 


any present 


bajos. 

If the bajos were lakes when the cities 
were founded the mystery is solved, for 
there is no more beautiful or more suit- 
able site for human habitation within 
the Peten district than the shores of a 
lake. Most of the present settlements 
stand beside lakes. The lakes furnish a 
plentiful and unfailing supply of water 
throughout the year; they teem with 
fishes, edible shell-fish and water-fowl; 
they serve as highways for the transpor- 
tation of farm produce and other mer- 
chandise to the towns; they are centers 
of health-giving recreation ; and they are 
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very crood to look 
Peten in the Maya tongue me: 


It would be even more 


upon. 


ins, 1ndl- 


rectly, lake. 
appropriate as the name of the district 
if the bajos, now logwood swamps, wert 
still lakes, as some them probably 
were when the country was first occu 
pied. 

The ruins of the ancient city of Uax- 


actun, now being explored by the Ca 


Institution of Washington, 


negie 
on hills overlooking Joventud Bajo, ai 
extensive logwood swamp. In 1931 I 


suggested that this bajo might have been 


a lake when the city was founded; that 
soil washed off the cultivated fields into 
the lake, filled its basin and converted it 
into a bajo; and that this change may 
have been one of the 
that led to the abandonment of the city 
With the hope of testing this hypothesis 
and finding whether the deposits in the 
bajo give a clue to its early history, an 
18-foot pit was sunk in 1932 
direction of Ledyard Smith, | 
the Carnegie expedition, at a place in 
the bajo about a quarter of a mile from 
the Samples of the 
penetrated in this pit were examined 
microscopically at the Geological Survey 
by Dr. C. 8. Ross 

From the surface to 
feet, the bajo is underlain by a bed of 


o7 sal } 
interrelated causes 


under the 


vader of 


shore. materials 


a depth of 64 


tough black limy clay consisting of about 
two thirds clay and one third lime in the 
form of minute crystals of calcite. The 
black color is due to a little decomposed 
vegetable matter. Under the black bed 
is a deposit of light-gray marl composed 
of nearly equal parts of clay and lime, 
the form of minute crystals of 
calcite. Both 
lated in water. 
ally settled from suspension, while the 
crystallizing 


also in 
beds evidently accumu- 
The clay in each gradu- 


calcite were 


particles of 
from solution and falling to the bottom 

A significant fact brought to light by 
the microscopic examination is that al- 
though the materials cut by the pit are 
essentially of the same qualitative com- 
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position from top to bottom, the relative 
proportions of clay and calcite are un- 
like in the upper and lower beds, the 
upper bed containing more clay and less 
calcite than the lower bed. Therefore, 
if we assume that the crystallization of 
calcite continued at a uniform rate, it is 
evident that the rate of deposition of 
clay was variable, being slow at first 
while the light-gray mar] was accumulat- 
ing and then suddenly speeding up to 
form the deposit of tough black clay. 
Keeping this in mind, we may interpret 
the early history of the Joventud Bajo 
at Uaxactun as follows: 

At first there was a beautiful clear, 
deep lake. It was filled to overflowing 
during the rainy season and held an 
abundance of water throughout the year, 
although its level may have fallen below 
its outlet during the dry season. The 
water that flowed into it from the ad- 
joining limestone uplands contained a 
little lime in solution and held a little 
finely divided clay in suspension. These 
materials were deposited on the bottom 
of the lake in the form of fresh-water 
marl, which accumulated very slowly 
until the lake was only about 6 feet deep 
a quarter of a mile from the shore. Then 
something happened that greatly in- 
ereased the proportion of clay brought 
into the lake. The rate of deposition of 
clay was speeded up to one and a half 
times its previous rate, or perhaps even 
faster. A few centuries of silting at this 
accelerated rate may have completed the 
transition from lake to bajo. The cause 
of the sudden increase in the rate of de- 
position of clay may have been the be- 
ginning of cultivation of the soil by 
newly arrived inhabitants. Some soil 
erosion is always going on, even beneath 
a virgin forest, but the rate is slow. 
The clearing of the forest would have 
permitted the tropical downpours of rain 
to beat upon the ground and to wash 
away the clayey soil of the uplands into 
the lakes. 

Let us inquire what effects the grad- 


ual transition from lake to bajo 
have had upon the human inhabitant 
Uaxactun. Most important, per] 
the effect on the water supply. 
the lake was still deep there was 
any searcity of water, and 
agencies probably kept it re 
pure; but as it became shallower 
shallower the volume of water 
eame less and less and it became 
and more subject to pollution 
women and children had to wade 
and farther through the sticky 
order to reach water deep enoug! 
their jugs; and finally, at the 
some dry season, there was no wai 
be had. Perhaps before this eat 
phe took place the prudent May 
have thrown up dams to impound s 
of the flood water in artificial rese: 
or perhaps they may have stored « 
water in cisterns to supply their 
Then there is the effect on 
supply. No one knows to what 
the ancient Mayas may have s 
mented their mainly vegetable diet 
fish, but it seems hardly likely that 
would have totally neglected suc] 
uable natural resource. Their 
dants eat fish when they can get it, 
they also make use of a large 
fresh-water snail. This snail, an Am 
laria, unlike the fishes, survived th 
ing up of the lake and still lives 


+ 
} 


bajo, sealing itself in its shell at t] 
ginning of the dry season and pat 
waiting for the floods to release it. T 
lake at Uaxactun may also have swarm: 
with water fowl, some of which undoubt 
edly would have found their way 

the cooking pots of the Mayas, but w! 
the bed of the lake became baked 
dry the flocks of birds must have soug 
other feeding grounds. 

Next let us consider the effect on com- 
merce. As long as the lake was dee} 
enough to float a canoe, a brisk ¢ 
merce was doubtless carried on upon its 
waters. Cargoes of corn and papayas 
and other fruits and vegetables wer 
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n from the farms along its shores to 
‘ity, and boatloads of pottery and 
ther manufactured articles may have 
me from a distance for the 
irket place. Gradually navigation on 
e lake became more and more difficult 
1 at times of drought alto- 
her. Finally no boats could navigate 
e shallow waters. Thenceforth all im- 
rted produce and merchandise had to 
earried to town on the 
dding Indians. 
The silting up of the lake must have 
ad an important effect on the health 
and comfort of the people. The pollu- 
tion of the water supply has already 
mentioned. Stagnation of the 
water and the searcity of fishes and 
ther natural enemies must have permit- 


sale in 


ceased 


backs of 


( 


been 


of mosquitoes. Infectious diseases spread 


> ie 
oD 


‘rease in the number 


ted an enormous in 


water and insects 


by bad 
taken a heavy toll from the po 
Man, even civilized man, 


may have 


immune than other animals to 
in his environment. When living 
tions in a region get 
he moves away. The on 


e po 
of Uaxactun is now totally uninh: 
and lies buried de ep in the jungle 
silence of its ruins is broken 


howl of the m 
the eras] 


! key, the s] 
macaw, or 
Even the lapping of the 
how 


waves 
shores of the lake is stilled, 
the cause of that stilling may perhaps be 
attributed the abandonment of 
by its human population 


the city 


MAN: DUST OR DEITY? 


By Dr. MADISON BENTLEY 


SAGE PROFESSOR OF PSYCHOLOGY, CORNELL UNIVERSIT’ 


EVERYTHING has its market price. 
For food and clothing we give money; 
for money we give our toil; kindness we 
repay with kindness, and to evil deeds 
we mete out punishments. 
Everywhere purchase-price, price-tags, 
estimations of value. To be sure, the 
markets rise and fall, prices move up- 
ward and downward; but upon most of 
their possessions men manage, at any 
given time, to come to an understanding. 
Stocks and bonds, butter and eggs, dol- 
lars and pounds, lands and cattle, all 
have their daily quotations which adver- 
tise to you their daily values, whether 
you sit at this minute in Nebraska or 
Alabama, in Boston or Los Angeles. 

But upon his own value, man has 
never come to a fixed conclusion. His 
uncertainty is obviously not due to his 
lack of interest. For ages he has been 
deeply concerned over his own proper 
place in the seale of earthly and celestial 
beings. Here he has been of two con- 


suitable 


trary minds. In one mood man 
himself a god, a spirit, the lord of 
tion, and 
lower than the angels. 
he is a worm, a disease of the dust, a 
helpless infant crying in the night; he 


avers that he was conceived of sin, is by 


counts himself only a 


In another mood 


nature weak and vile, prone to evil as 
the sparks fly upward. 
Are these extremes of 
correct? Does man properly stand both 
at the top and at the bottom of the 
scale, fluctuating from one extremity to 
the other, according as his mood is of 


self-valuation 


self-approval or of self-condemnation? 
One circumstance makes us distrustful 
of his double self-rating. Man’s human 
estimations usually depend upon whether 
the valuer is thinking of himself or of 
his enemy, of his own province or of 
some other, of his own race or. of an 
alien people. Men are notoriously kind 
to their own kind and 
strangers. Where can you find a race, 


scornful of 
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people or culture which does not hold 
itself higher than it holds all other races 
or peoples? A white man reared in 
South Carolina confessed to me that he 
was genuinely shocked to discover that 
black people contain red blood like his 
own. Orientals upstart 
Westerner, whites regard the brown-skin 
as a savage, blacks in their own undis- 
puted domain look down upon whites 
and yellows. Greek and _ barbarian, 
Latin and Nordic, German and Jew, 
Yankee and mountaineer, Hindu and 
Parsee—each is arrogant and each dis- 
parages the other. Race, color, religion, 
economic rivalry, unlikeness of custom 
and many other means of human divi- 
sion, all tend to set on high one’s own 
kind and to depreciate all others. 

Here operates a principle of behavior 
that is both fundamental and momen- 
tous. The conduct of all social animals 
is determined by the pattern of the 
group as well as by the nature of the 
individual itself. The provincial abroad 
ean not act naturally. He is constrained 
and unfriendly. The ‘‘outside’’ pattern 
does not conform to his own provincial 
manners. He clings to his comfortable 
habit, while he despises the disconcerting 
conduct of the foreigner. To be just in 
their human values, men have to sur- 
mount this inveterate tendency, the 
tendency to rate high their own kind 
and to rate low the stranger and the 
alien. 

But failure here is disastrous; and the 
more tribes, nations and races com- 
mingle, each living with all and each 
valuing all, the more disastrous it is. We 
like to think that civilization has made 
men objective and tolerant. But just as 
we flatter ourselves that it has made men 
of one kin, some race, religion or people 
rises to assert its purity or its superior- 
ity. May we hope that such a primitive 
and barbarous discrimination of men 
will presently be outlawed by a more 
enlightened and self-respecting judg- 
ment! 


despise the 


A wholesome corrective to this dis: 
tion of racial and tribal values js 
forded by a wider perspective, by a 
which places all human kinds tom 
against a common background of 
universe. Imagine yourself remoy 
from the earth and looking out upon t 
planets with the eye of the sun. 
man and all his works and ¢o: 
shrink in the distance. His own 
world spins, a grain of sand, amo 
group of tiny planets. Here the bla: 
sun is central, and man himself bee 
an imagined fleck of dust. 

The perspective becomes still broad 
and clearer when we forsake our ¢ 
sun and fly to the very limits of 
whole stellar group or galaxy. Now. 
sun is himself lost among a million suns 
some of them a million times his volum 
Just where our local lord of day 
night stands among this great galact 
host, no one is certain; although 
agreed that he (and we) are so far { 

a central position that thousands 
years of travel, moving with the unat 
tainable speed of light, would be r 
quired to bring him into the doubt! 
eminence of Central Ruler in the galax 
Should we still retain a delusory 

of the cosmic importance of earth, 
genus homo, of a chosen race, of a ‘‘pur 
stock’’ or of a vaunting dictator, let 
project ourselves still further from the 
large boundaries of our galaxy, proceed 
for a million light-years through vacuous 
space and approach another stellar 
galaxy. This may be the famous nebula 
of Andromeda, as roomy at least as our 
own galaxy. But Andromeda is itsel! 
but a way-station on a journey whic 
might go on for fifty, sixty or eighty mil- 
lion years and still not reach the most 
distant outposts that signal to our earth, 
to our most powerful microscopes, and 
ultimately to the seeing eye of man. 

The mere bigness of this celestial cos- 
mos, where unnumbered galaxies float in 
unbounded interspaces, tempts us to for- 
get that puny man exists. At least as 4 
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filler man would seem to be negli- 
Even his breath-taking flights in 


jirplane and racing-car give a comic 


itv to the spaciousness of this little 
‘ Though he whirl round and 
nd his tiny ball in minutes or sec- 
ds. the event has no significance for 

s tolerant sun, and its human impres- 
siveness is quite lost on the galaxy and 

1 the other cosmic masses. 

But mere bigness is not everything. 

the recipe of man’s composition went 
about a quarter of all the elementary 
substances found in the entire universe ; 
arbon, hydrogen, oxygen, iron, nitrogen 
and a score of other chemical elements. 
He himself is a fair sample of the entire 
The make-up of his body is— 
we may believe—far more complicated 
than that of any star or galaxy of stars. 

When the mountain and the squirrel 

ul a quarrel, the mountain called the 
squirrel ‘* Little Prig.’’ The squirrel re- 
plied, ‘‘If I ean not earry forests on my 
back, neither can you crack a nut.’’ Pos- 
sibly man can, in spite of his spatial in- 
significance, sustain his value to himself, 
if not to his universe, by some great feat 
of nut-eracking. That would not, to be 
sure, sanction his contempt for foreign- 
ers and his persecution of neighbors, but 
it might restore his self-respect for his 
human kind. 

Now those very men of science who 
have revealed the trivial character of our 
tiny earth and who have set light-years 
against the modest span of man’s life 
are inclined just now to offset this con- 
trast of the big and the little with quite 
a different kind of perspective. Physics 
and astronomy now tend to discredit 
their older mechanical notions of mass, 
of space and of independent motion in a 
given body, and they even throw doubt 
upon the utility of the concept of matter 
in a description of the world. The gen- 
eral result of this view of things is to 
replace the common scenery and activity 
of the universe, as we naive earth-dwell- 
ers regard it, by mathematical symbols 


Smos. 


Ss) - 
obi 


concepts ot 


and 
quanta, electrons and wave-motions 


formulas, by abstract 


But who made the symbols and for 
mulas? Why man! If then, 


created a symbolic and abstract world, 


man has, 


he may after all have displayed miracu- 
lous powers as a cracker of giant nuts. 
This possibility has so impressed the 
physicist that he has been led to 


jecture that something like the mind of 


con 


man, not matter, is the most real and the 
most fundamental thing in the universe 
Matter he is ready to discard as illusory. 
Mind then comes to the top, and we find 
many the 
physical world and of the mysterious 
universe winding up in 
mind-stuff, freedom of 


new books on the nature of 


discussions of 
the will, and‘ the 
unequalled powers of man. 

Do you not see that this strange turn 
of affairs in the physical sciences has 
really put man in a new position in the 
From 


» 


COSMOS : being a mere obse rver 


of a great, self-sufficient and self-run 


ning machine, he now appears as the 
fountain-source of the only real stuff in 
the whole wide world, namely, the foun- 
No longer, there- 
fore, is man a mere mote in a sunbeam 


tain-source of mind. 


of universal energy, a microscopic speck 
in a forgotten 
corner of longer 
merely the little end of nothing whittled 
to a point. He is 
pears with all the other material lumber 
of the place) the only real stuff. He is 
mind. If man is not therefore a real 
and creative deity, you will agree with 
me that the physicists would make him 
much nearer deity than dust. 

Now I do not believe that the thing is 
quite so simple as all that. We should 
not be too hasty in agreeing with the 
physicist when he declares ‘* Not matter, 
therefore mind.’’ From being highly 
sophisticated in his own field he sud- 
denly becomes very naive. He is much 
more at home among his physical facts 
than he is among biological and psycho- 
logical facts. In his bewilderment at the 


negligible 
existence. He is no 


crey ice of a 


(sinee his body disap- 
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loss of his old notions and categories, he back, engender earthquakes, s 
has taken refuge in a very old and fairly sun and moon in their courses 
musty philosophy of existence. Having —a bright meteor—across the sk 
lost matter, he clutches desperately at and does weigh his own earth 
mind. In reading Eddington, Jeansand stars, make earth fertile and 
other writers of the ‘‘new idealism of invent tools and build microse 
science,’’ one gains the impression that into the eye of a million cong 
these men are, for the moment, at the suns, compute celestial times 
end of their scientific tether and are per- tances, and write about all thes 
haps unwise to try, while in a state of ous things in strange hierogly 
bewilderment, to make a decision upon his grandchildren to read and 
the universe and upon man’s place in it. And that, my fellow men a: 
At any rate, I doubt whether we sitting with puzzled brows th: 
should too hastily drag dusty man from the whole United States, is 
his obscure cranny and apotheosize him we know—more than any pI: 
as thinker, creator and universal essence. galaxy or spiral nebula has 
Nor need we agree with the older theo- Man may be little, but he is, in | 
ries of science, which saw in man only also terribly clever. Though | 
a passive observer of the great cosmic alter the eternal course of t! 
parade. Man is, as we actually know he can pry into their secrets \ 
him, both trifling and great, both puny and intelligent curiosity and 
and pompous, worm-like and god-like, move in imagination through t! 
mean and magnanimous, foolish and aisles of space. If nota god, at 
wise. If he can not grow forests on his ordinary worm of the dust! 


BETWEEN THE STARS 


By Professor OTTO STRUVE 
DIRECTOR OF THE YERKES OBSERVATORY OF THE UNIVERSITY OF CHICAGO 


Visitors to an astronomical observa- has noticed that terrestrial obj}: 
tory almost invariably ask the question: as mountains, a few miles away, 
‘How far into space can you see with bluish and indistinct appearance 
your large telescopes?’’ The answer is_ directly above us, on a perfect); 
not as simple as it might appear, because day, an aeroplane looks hazy 
the extent of our vision is greatly re- tinct at an elevation of a few t 
duced during the daytime, while at night feet. The explanation of this lies 
it reaches far out into space among the interesting phenomenon known as 
stars and beyond the confines of the’ tering of light, with which ever) 
Milky Way system of our galaxy. Even of a car has had practical exper 
at night our vision is limited, not only When the sun beats down upon a « 
by the insufficiency of light from distant windshield the driver’s vision is 
objects, but also by a faint glow which paired and the road ahead is s 
covers the night sky and makes it impos- visible. But if the sun disappear: 
sible for us to observe or photograph the hind a tall building or a cloud 
most distant stars with powerful tele- over it his vision is at once imp! 
scopes and sensitive photographic plates. He is no longer aware of the haze pro- 
Let us see why our vision is so much duced by the dust on the windshiel: 
impaired during the day. Every one distant objects stand out almost 
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the obser 
here it ove rlaps the images of stars 
enders them indistinet Just as 
however, as the sun disappears be 
he horizon at sunset, the scattering 
‘t is reduced and vision is improved 
e again the particles of air and dust 
not act as a screen of opaque matter, 
when the effect of seattering is re 
ved the observer is at once able to dis 
euish the light of the stars and nebu 
30 that, instead of noticing an appre 
ible reduction in vision at an elevation — result 


] 


few thousand feet, he is now able to day sky 
listinguish objects which are far away tion to 
m the Solar System hours di 
The brighter stars become visible t vives approxi 
unaided eve; then as the sun moves The source 
ver and lower under the horizon  backgroun 
nter objects appear, and finally, when been complet: 
sun has reached a point about 18 
w the horizon we are able to distin 


] 
’ 


guish distant galaxies which are so far 
away that light traveling at the rate of 
186,000 miles per second has been on its 


for millions of vears The sky has 
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spectroscope has revealed that this at- possibility that in addition t 
mospheric illumination of the night sky atoms _ interstellar space may 
consists of rays of light of certain dis- particles of dust Numerous 
tinct colors, not of a mixture of all ecol- tions have been made to prove 
ors of the spectrum It is possible that such dust actually exists. It w 
the so-called cosmic rays, so thoroughly — that distant stars are usually 

investigated in recent years by Dr.  eolor than those which are } 
Millikan, of Pasadena, and by Dr. away. Now it happens to be 


Compton, of the University of Chicago, properties of scattering by vei 
. o » molecules o he oir : ae 
when hitting the mi lecules of th alr particles that a beam of light 
cause them to emit feeble rays of light thpoueh the dust is reddened, 


which are observed by us as a eener: 
hich ire observed ; uS as a venel il seattered lieht is made bluer 


umination of the night skv. . , 
illumination of the night sk: seattered sunlight appears as thi 


However, astronomers believe that the _ : 
the daylight sky ; every one has 


spaces between the stars are not abso- . > 
this effect: when the sun is near 1 


lutely empty. The spectroscope is the. . aps 

. ee . zon it appears brilliantly red, w 

instrument which 28 years ago proved ha 
sky overhead is blue 

The fact that distant stars ar 


than near-by ones might simp 


that » lie — we aac 
ments have been discovered to be pres- hat the lieht from distant 
The through more interstellar dust 


that atoms of calcium vapor were travel- 
ing in all directions through interstellar 
space and since then atoms of other ele- 


ent in all parts of our galaxy. he lieht f | 
question arises whether starlight is seat- “*” ” : trom . ” nas reaaone 
tered by these interstellar atoms, thus transmitted beam of starlight is dey 


adding to the illumination of the back- 
eround of the night sky, as the scatter- 


in violet and blue eolors, and ri 
rica in red light. The seattered 


tion, which comes to us as the 


ing atoms of our own atmosphere add to 


the illumination of the day sky. The lumination of the night sky, mu 


sequently be blue in color. Obsery 


answer depends upon whether there are 
mea- are now being planned at the \ 


enough atoms in space. Careful 
surements have been made at the Yerkes Observatory to determine the 
Observatory of the amount of gaseous the night sky. Our visual sens 
matter between the stars. The result is give us no information concer? 
startling. Imagine a cubic inch of ordi- point, because the human eye d 
nary air drawn out into a column long distinguish the colors of very faint 
enough to reach one of the more distant jects. In the meantime we may c 
stars of the universe. To be exact, im- the hypothesis of interstellar d 
agine that the column is 15,000 light probable, though not as definitely est 
vears long, retaining of course its ecross- lished. A German astronomer 
section of 1 square inch. Let all the University of Breslau has recently 
atoms which formerly oceupied our eubie puted the number of dust particles 
inch of air be spread uniformly through- cubie centimeter of space require 
out the column. The resulting density of produce the observed amount of re 
matter will be that of interstellar space. ing. His conclusion is that there s! 

It is not probable that this small be one dust particle for every 500 « 
amount of gas would scatter enough centimeters. I suppose this would 
starlight to add appreciably to the illu- cate that our galaxy is a dusty pl 
mination of the sky. There remains the which to live! 





THE SCRIPPS INSTITUTION PIER AS A 
MARINE OBSERVATORY 


By Professor WINFRED EMORY ALLEN 


SCRIPPS INSTITUTION OF OCEANOGRAPI , NI O} 


er of the Scripps Institution of — tifie clite app 


vraphy of the University of Cah ‘an be studied 


La Jolla, California, extends three ways 
open ocean to a thousand feet or around it wit! 
re. If a structure similarly ex ing transient observat 
thousand feet into the air, it some hundreds ot 
furnished with equipment of noring it altoget! 
cinds at fabulous cost and used for laboratory to pr 
observations in astronomy or periments’’ from 
rology with a corps of expert ob ocean influence ha 
rs in constant attendance. As mat- by conducting researc! 
rs stand the institution pier is a par- related to or connect 
dilapidated structure, carrying phy under the expecta 
ly little equipment and visited ity with that science 
wv short periods daily for routine knowledge of oceanog 
vations by a few employees, al through the connection 
eh much less is known positively Like any other of the common 
ut the ocean than is known about the scientific men, I hold to the vie) 
or sidereal systems or about the the way to learn about anything i 
not air. to it directly, vet as much contact 
Aside from the reeords of a U. 8S. it as possible, and study it as mu 
st and Geodetic Survey tide gauge possible in the conditions of its natu 
ad ot a water thermograph, no continu- existence. That accounts, in part, 
is observations of any kind are made at my own interest in observation and 
pier, other physical as well as the the pier as an obs rvatory However 
emical and biological data being ob- is probably true that a still more impor 
from observations rarely more tant part in stimulating and holding m: 
frequent than once in twenty-four hours. interest is to be found in the infinite 
Even so, it seems probable that the number of fascinating problems sug 
Scripps Institution pier is unique’ gested by conditions and occurrences ob 
ongst piers all over the world in re- served from the pier, and in the surpris 
et to the number of different ways in ingly striking single features which n 
ch it is used for scientific investiga- appear at any moment 
tion of the sea. For the present I shall neglect the 
For some strange reason, direct and results of my routine experiences in use 
continuous observation which is consid- of the pler for the sake of telling about 
ered essential for investigations in both some of the surprises which have come to 
stronomy and meteorology seems to be’ me in the fifteen years since I first began 
egarded as a matter of indifference for to visit it regularly and frequently. In 
nography, which presents problems that time I have visited the Scripps In 
‘intricate and difficult than either of | stitution pier five or six thousand times 
Indeed the attitude of the scien- usually remaining on it not more than 
371 
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directly downw 
o¢al irritation 
the usual position 


bird glided caln 


which 
The latter is 
turn in diving 
vears of observation 
hat point, put 
vineed tha a 
water while headed soi 
sweep of his poucl 
the surface, and that this move 
fish brings him up facing 
s he rises above water again. In 
| saw the pouch distended lik 
just after a dive at the end of 
and on two other oceasions | 
it partly distended 
pelle; puzzle has never 
ed a satisfactory solution Is 
VOV a pelican should trv to perch 
vire (smaller than a lead peneil 
(| along above the pier rail. | 
seen this kind of perching tried splash and flurry n 
times, although the pelican IS the midst of whiel 
perching bird and has no equip man arm seemed to 


ror holding toa slender perch In surtace “al d to dlisa 
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me to get any clear idea of its form and 
wondering about this 
thought | 
‘*sand shark’’ about five feet long 


size. I was still 


peculiar exhibition when | 
saw a 
swimming rapidly toward the pier at 
the surface of the water about fifty 
little later I could see 
that it was chasing a fish of about a foot 
While watehing the chase ] 
the shark dart side of its 
then boil 
with a whip-lash stroke of its tail at the 
little fish. I then that it 
thresher shark and knew that the arm- 


yards away. <A 


in leneth. 
saw past the 


victim and make the water 


saw was a 
like apparition above the water had been 
its tail thrown through the air in making 
The fish 
badly dazed by the fierce stroke I saw so 


a stroke. small seemed to be 
clearly and was swimming less rapidly 
in a crooked course when another stroke 
of the thresher’s tail and it 
over on its 
The 
open jaws, but just before seizing it he 
appeared to be frightened by the drip of 
the water from my collecting apparatus 
only a few feet away. So he turned and 
swam off. The injured fish floated help- 
lessly for a while, but it finally revived 


stunned it 
struggling 


with 


back, 


rushed at it 


turned 


feebly. shark 


and swam slowly away. 

An auklet and a flounder 
actors in another scene so strange that I 
I was just 


were the 


could hardly believe my eyes. 
going on to the pier one quiet morning 
and had got beyond the surf when I 
noticed a Cassin auklet swimming 
toward the pier on the south side. I 
stepped to the rail to watch the little fel- 
low paddle out of sight and I was just 
in time to see him rise off the water in 
a great splash and flutter and dart off in 
headlong terror. In the instant that he 
cleared the flounder 


leaped through the air in pursuit and its 


water a_ large 
snapping jaws missed the bird only by 
inches. I have known about birds eateh- 
ing fish most of my life, but this is my 
only observation of a fish trying to catch 
a bird. 

On a few other occasions auklets have 


participated in interesting pe1 
At several different 
watched Cassin auklets swimn 


times 


water, using their wings enti! 
their feet ar 
control. One 


swimming and 
and 
these little fellows have T1lVel 


steering 
exhibitions in chasing sma 

the pier, but the best I eve) 
given by a Rhinoceros auklet 
of the pier one morning w 

was a little rough. He was « 
around the piling and somet 
sure that he was going to bh 
he darted into the 
around a_ pile 


Swirl 
wave Wit! 


spread and beating as tl 


But he always came out all rig 


caught fish, too 
Some years avo, when Sal 
more abundant near the 


saw loons working on a SCI 
never saw a fish caught by « 
If the loon started for them 
of the sehool 
with 


at exactly equal distances fro 


a lane opened 


both sides 


sardines on 
he dived and came up from b 
school an exact circle would 
by the fish with the loon at tl 
center. It seemed that so 
were at the same distance fro 
different directions that the 
not decide which individual! 
He could swim faster than 
them, although he 
swimming. 
Although I did not see it mys 


surely appropriate to mention 


used his 


connection the killing of an 

a sea-lion, observed from t] 
Professor W. R. Coe. of Yale | 
some The 
large to be killed and swallow 


years ago. octopus 


and the sea-lion had to spend 


able time in getting it disabled 


ever he seized it its arms wo 


about his head and he would 


shake himself vigorously in ordé 
lodge it. At 


every opportu 
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shake it and toss it into the air 1924 the dinoflag 
was finally disabled to an extent micans WAS so 

ded resistance. ror a week or more tha 

tain other rare sights have been colored reddish bi 

xciting because developing more ease of ‘‘red water’’ 

or because of being less conspicu in the fifteen vea 


Neither sea-lions nor porpoises with the institutioy 


been abundant in recent years Some of the tl 
ten years afro two herds of sed seer ren irkabk 
ould be seen every morning near = eayse they we 
r tor several day , eacn h rd con individual 
of about fiftv individuals. Some a ee 
Ad place that 
rs ago porpoises frequently came 4, jmaci 
. 4) li (r] i¢ 
the pier, and I once saw a school 
| estimated as covering about one 
ith of a square mile in area It :' 
- : acquainted 
raded up and down seaward from the :, 
e . tact and obs 
er for hours. Since then I do not re 
, _ markable ana 
seeing more than four or five por 
: show that con 
ses at a time and that rarely. 
4 constantly chang 
out ten vears ago siphonophores : ; 
sai ‘ : popu ations To 
seen drifting past the end of the 
. normal state 
rin great abundance for one day and ; 
metimes chang 
onsiderable numbers on two other ~~ — 
. . ulations come in 
I have noticed a few specimens at 
one or two other Times About gain a temporary 
TT} . lems 
20 T saw a school of mackerel pass the The problem 
nd of the pler one morning Che fish ome which I ha 
swimming all in the same direction "@Ung to me, but 
ind as close together as possible and the °F oF maintenance 
hool extended as far as I could see ticular locations 
m the pier. It took about a half hour which 


sharks’’ so most urgent At 


seem most 
pass. I onee saw ‘‘sand 
ck alongside the pier that I could not [ have helped to show that a 

ve thrown in a line without hitting important observatory and that piers 


| have rarely seen more than four deserve more use as such than they have 


» at a time on other oceasions. In ever had. 
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ICHARD WILLSTATTER, WILLARD GIBBS MEDALIST FOR 
WILLSTATT 


His 


st private assistant was an uUAmerican. 


S. Hollander. His work in this period 


basis for all modern studies in 
tic local anesthetics which lack the 
forming properties of cocaine 


1902. at the age of 30. he was ce: 
‘h where he started work 
phyll problem with the 
rroup of students and assi 
ll parts of the world. During his 
In Switzerland, he made more 
ess toward unraveling the strue 
chlorophyll than had all previous 
's He showed conclusively 
irent substance of e¢| 
me as the parent 
oglobin. He thus showed 1 
id used the same fundamental ma 
tloporphy rin, to make the ereen 
ng matter of plants and the red 
matter of blood, by combination 
‘ase with magnesium and 
with iron; to give 
In one case, convert carbon di 
oxygen and complex organic 
il and in the other carry oxygen Among 
ng animal tissues. These studies become 
he foundation of the work of Hans Adams. E 
er and of Conant Michael Hei 
ng his studies of chlorophyll, C.D Lowry 
tatter became interested in the F. W. Brever 


coloring matters of plants and \ to 
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HYDRO-ELECTRIC DEVELOPMENTS IN SWITZERLAND 


IN Switzerland, the country of the natural flow of water takes p 
‘‘white coal,’’ as electricity is called the six summer months, it was 
there, another important step in the to create huge storage basins 
electrification of the country has been water collected during the sw 
accomplished by the construction of a able for carrying the hig] pe 
large seasonal storage plant, the Ober- demand during the winte1 
hasli Hydro-Electric Development, above fered very favorable conditi 
Meiringen in the Bernese Oberland. gineers found it practica 
Construction work on the first step of large artificial lakes. The 


hich 


the 


mont! 


GRIMSEL LAKE IN THE BERNESE OBERLAND 


IT HAS BEEN CREATED BY THE CONSTRUCTION OF TWO DAMS, THE SEEUFEREGG DAM 
GROUND AND THE SPITALLAMM DAM IN THE CENTER OF THE PICTURE. 


this huge project was completed recently sel Lake (Grimselsee), has a st 
and the Handeck Generating Station pacity of three and a half bil 
turned over to regular operation last feet, while the smaller, Gelm« 
fall. (Gelmersee), has a capacity ab 


The entire development utilizes the seventh as great. The total st 


precipitations as well as the melting pacity of these two lakes corres} 
water of a total area of forty-three 230 million kilowatt-hours 


square miles, formed mostly by the gla- The Grimsel Lake has a s 
ciers of the picturesque ‘‘Bernese Ober- twenty-seven million square feet 
land.’’ Sinee 95 per cent. of the annual total length of approximate 
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MOUNTAINS IN THE 


[ GRIMSI LAI 


miles. It is formed by two dams, the 


Seeuferegg Dam and the Spitallamm 


Dam. The former is the outstanding 
feature of the entire development, due 
to its dimensions, and only those familiar 
with the climatic conditions at an alti- 
tude of 6.300 feet above sea-level know 
how to appreciate the difficulties under 
which construction work was done. Due 
to the extreme severity of the winter, 
work could progress only during a few 


months a year. 


THE INNERTKIRCHEN 


BERNESE OBERLAND 


The following fig 


of the size 
which at the 


in Europe: h 


p! 


sporiit 
el 


dation, 375 feet ; ri 


S50 feet: amount 


cubic feet. 


The water 


ace 


capacity is nearly 


tallamm Dam. 


TRANSFORMER 


STATION 
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THE USE OF THE DIVING HELMET IN BIOLOGICAL STUDY 
f the divine helmet nary garden hose 
study vas first intro ce Vv the located in 


if iil 
Alfred G Mav Or, é ie Torti about t 


+ +) 


the bo; 


e Carnegie Institu der the wat 
Dr. Mayor and hi is let down 
used the divine helmet exten and others 

t only at Tortugas, but also over hh 


around islands of the South Pacifie Dr 2 He 


i 


William Beebe has also emploved the bottom as the mat 
helmet for his studies of the submarine air down into the hi 
fauna in Haiti and Bermuda bling up around the 

The form of helmet which these zool With a lone hose t] 
vists used was one which had been around for considera 


vised for work around yachts where it hands are free and he 


I 


Was necessary to go down under the boat or bucket with him and plac 


to make examinations and repairs. It is in this, or he can sit down under 


so simple a device that it seems surpris- and make sketches or notes on a z 
ing that it has not come into more gen as Dr. Beebe is shown doing in | 
eral use. It consists essentially of a He can also take down a special 
brass hood with a glass front which fits vised moving picture camera wl 
over the head and rests on the shoulders enclosed in a water tight brass b 
of the diver and is held down by lead shown in Fig. 4, and can thus m 

weights which are attached on the front tion pictures of fishes and other 


and back sides. From this hood an ord at any depth to which sufficient 


Photos by Dr. William Beeh« penetrates. In tropical waters If IS 
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and expensive 


Ile met 


rr the pressure 
ving helmet 


us at a dept 


DIVING HELMET 


HEAD OF 
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PHOTOGRAPH 


CORAL, 4 FANS AND REEF FISH. 


tion almost as well as an expensive brass 
helmet. A good air pump is the usual 
two-cylinder beer pump, but almost any 
force pump will serve 

Such a helmet is of decided value in 
examining submarine objects which 
stand at a little distance above the bot 
tom. It is one of the disadvantages of 
this helmet that one must keep it in a 


nearly vertical position 

air would escape and water woul 
One of the peeuliar beauties of 
strument, however, is that if 
dent happens it can be thrown off 
and the diver can come up as 

if he had dived without any he 


EpWIN GRANT Con 
PRINCETON UNIVERSIT’ 


EPIDEMIC ENCEPHALITIS 


Tue word ‘‘encephalitis,’” from its 
etymology, means simply inflammation 
of the brain, and can be used to desig- 
nate many different varieties of this con 
dition. About the end of the world war 
there was recognized a form of encepha- 
litis occurring in groups of cases and 
isually characterized by apparent drow- 
siness or lethargy. This form was there 
fore called ‘‘ lethargic encephalitis ’’ or, 
in popular parlance, ‘‘sleeping sick- 
ness.’’ The latter term, however, al- 
ready had another meaning; it was the 
name given to an entirely different con- 
dition, a disease confined to tropical Af- 
rica, caused by a microscopic one-celled 
organism (trypanosome), and conveyed 
by the tsetse fly. The tendency now is to 
abandon the term ‘‘lethargie encenha- 
litis’’ in favor of the ‘‘epidemie encepha- 


litis,’” because a considerable 1 
the cases show excitement and in 
activity rather than lethargy, 
cause the grouping of the cases 
such as practically to constitut 
demic. 

In many places and at most 
nevertheless, the disease has « 
diffusely, without special ten 
toward any particular grouping 
demic prevalence, and even in ep 
the cases have been, as a rule, w 
obvious relation to each other. T! 
been particularly true in the | 
States, the largest aggregations 
at any one time being where one 
expect them—in the largest city 
York. Here they amounted to ov 
during the months of Februar 
March, 1923, but at every season 
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disease would 
rmore. Striking 

ubles followed in some 
that the disease came t 
st dreaded of acute intect 
July 31, up to September 
re were reported in the metr trl tr sympt 
area of St. Louis 800 eases of evidence of 

encephalitis with 144 deaths, mild mening 
ated case fatality rate of 18 per the Tevet 


Cases of apparently the same in perature 


have been reported from other Probab 


Missouri and neighboring states, stated 
s to be noted that so-called epi 
r lethare@ ic encephalitis and en 
s not otherwise designated have 
incidence throughout the entire 
States similar In magnitude to 
tis as judged from mortality 
usually without the marked involved = and 


nd vearly fi 


uctuation of polio toward spec 
svstem, sucl 
es of lethargic encephalitis oceur the brain stem 
in St. Louis, the heaviest preced The outbreak 
dence having been in 1919, 1924 proaches this is t 
1932. Relatively fewer epidemics the western side of the Inland 
s disease have been reported in the Japan in 1924, and deseribed by Kat 
States than in other parts of the and Aoki in 1928 in Ergebnisse de) 
the disease in the United States (HHETEH Vedi it { d Kiinderheill mide, 
ipparently sporadic or endemic. Vol. 54, p. 342 
utbreaks as have occurred l! this The ineubatir 
have previously been, as is usual There are indicat 
ere, In winter or early spring to twelve days 
The clinical picture of the St. Louis fairly sudden, tha 
k is that of a general febrile dis- than one to three da) 
‘e, often with gastro-intestinal Dr. Margaret Smit 
ms such as vomiting, constipa- working with the St. L 
ir diarrhea : evidences of cerebral announced to the St Louis 
ement—an apathetic or immobile Society on September 1 that sh 
expression, usually somnolence, found, in over half the specimens ex; 
coma or delirium; usually a ined, a microscopic formation know) 


rately stiff neck, with headache, ‘‘inclusion bodies 
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Such a tormation is common in diseases 


caused by verlis sinall enoue! To pass 
throug! porcelain filters, and therefore 
called filterable viruses, and this par 
ticular finding may help to identify 
rata CUSeCS Tt thie cliseast outside The 
present ep lemie focus 


A report on Septembe S to the Met 

) litan Health Couneil of St Louis, 
fran attempt to transmit encepha Is TO 
monkeys, by R. S. Muckenfuss, assistant 
professor of medicine, Washington Uni 


vers 


itv, and Charles Armstrong, Sur 
eeon, | S. Public Health Service, and 


Hk. A. MeCordock, associate professor 


of pathology, Washington University, 


states that since the beginning of tl 
utbreak of encenhalitis in St. Louis 
numerous animals of different species 
ave been inoculated with materials of 
several kinds from patients suffering 
from the disease Most of these animals 
have shown no siens of illness Six 


monkeys inoculated with material from 
five different patients dving of encepha 
litis have shown fever beginning from 
he elehth to the fourteenth day after 


inoculation. Coincident with the rise of 


temperature tremors, Incoordination and 
weakness have appeared Three of these 
animals have been submitted to patho- 
logical examination and the central ner 
Vous S\ stem showed lesions consistent 
with the pictures found in human epi 
demie encephalitis 

Inoculation of material fron these 
monkeys into numerous monkeys is also 
progressing 

While these results are encouraging 
many weeks’ work has vet to be done be 


fore it can be stated that the human dis 


ease has been established in animals 
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It has been found ti + 4 
nor milk is a major factor 
ol this epidemic 
dence points to a mar 
similar to tha f p , 
precautions to be taker 
similar t se 
an outbre t 
Intensity In the 
clisease, occurring pres 
suburban sect ns. The Doss 


sect transm 


Without inte 


ns 


screening rT 


vised, and li 


reduction 0 


quiltoes, are re 


dence, howe 
expenditure, 
dlisease, of f 
do really eft 
in the area 1 


Preeautiol 
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msectlsx 1) 
t 
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] Tt} ’ 1 
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lara SUITES 
Ve nosd 
questl } 
have he 


tion of the patient for three 


furnishing b 


\ 


the St T ~ 


of almost complete hosp 


a Iso probably 


aided in n 


complete recovery 


my hilit 4 4 
he POSS! yLTIT\ Ha TIHLLS 


epidemic encepha ITIS 


vears show 


renders urgent as compl: 


this epidemic as poss ble 


the mobilizat 


] 


more n 


mm ot expert 


particularly the remarkabl 


operation of the St. Louis 


ton Universities, the med 


the hospitals and the hea 


are most fay 
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